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'^ASALT-1  is  a  FORTRAN  computer  program  used  to  evaluate 
the  effectiveness  of  a  high-energy  laser  weapon  against  an  aircraft 
flyings  path  previously  evaluated  for  various  encounter  conditions. 
The  laser  weapon  system  is  described  by  a  flux  emission  function, 
aiming  errors  caused  by  Jitter,  and  slewing  limits  of  the  tracking 
mechanism.  The  target  aircraft  is  characterized  by  a  set  of  com¬ 
ponents  which  are  combined  using  a  fault  tree  structure.  The 
program  output  includes  a  summary  for  the  whole  mission  which 
presents  probabilities  of  kill  for  the  total  aircraft,  its  subgroups, 
and  components.  This  manual  contains  descriptions  for  the 
mathematical  concepts,  the  input  requirements,  and  the  output 
for  the  ASALT-1  program. 


~  A*'  **  , 

...  .  ...  *'  ' 


JTCG/ AS-8 1  -S-004 


ACKNOWLEDGMENT 


Development  of  the  A SALT- I  computer  program  began  in  the 
spring  of  1980  in  an  effort  to  fulfill  the  need  for  a  survivabil¬ 
ity  assessment  model  which  combined  the  susceptibility  of  an  air¬ 
craft  being  engaged  by  a  laser  weapon  system  with  the  vulnerabil¬ 
ity  of  that  aircraft  to  irradiation.  The  program  was  developed 
and  documented  by  Frederick  John  Steenrod  and  John  E.  Musch,  of 
Armament  Systems*  Inc.  with  the  guidance  and  supervision  of  Carol 
A.  Gillespie  and  John  Morrow  of  the  Naval  Weapons  Center.  Their 
assistance  is  gratefully  acknowledged. 


MIS  WAU 
MIC  t.'i 


DistriWutlen/ 

WlWttM  Cedes 
'■Avan  end/er 
'  Spe«uv 


ill 


JTCG/AM1-S-004 


SUMMARY 


The  A SALT- I  computer  program  provides  a  method  for  evaluating 
the  effectiveness  of  &  high-energy  laser  beam  against  an  aircraft 
flying  a  path  previously  evaluated  for  various  encounter  condi¬ 
tions.  The  laser  weapon  system  is  described  by  a  flux  emission 
function,  aiming  errors  caused  by  jitter,  and  slewing  limits  of 
the  tracking  mechanism.  The  target  aircraft  is  described  with  a 
set  of  components  which  are  combined  in  a  fault  tree  structure. 
Each  component  has  a  set  of  rectangular  presented  areas  and  Pk 
functions  associated  with  it.  An  atmospheric  model  is  used  to 
account  for  laser  beam  power  degradation  before  it  reaches  the  tar 
get  due  to  interaction  with  molecules  in  the  air  and  an  optional 
smoke  corridor.  The  AdALT-I  program  is  used  to  determine  when  the 
laser  can  be  fired  and  compute  the  total  amount  of  energy  that  can 
be  accumulated  on  each  component.  The  component  Pk  functions  and 
aircraft  fault  tree  structure  are  then  used  to  compute  the  total 
aircraft  probability  of  kill.  The  Pk  computations  can  be  repeated 
for  as  many  as  10  distinct  aim  points  and  three  different  fault 
trees  (kill  categories)  in  one  program  execution.  The  output  of 
this  program  may  include  a  time  trace  of  the  flight  path  which 
shows  total  aircraft  Pk's  for  each  aim  point  and  kill  category  at 
regular  time  intervals  in  the  flight  path  simulation.  In  addi¬ 
tion,  a  summary  for  the  whole  mission  presents  the  final  probabili 
ties  of  kill  for  each  kill  category  of  the  total  aircraft  model, 
subgroups  in  the  fault  tree  structure  designated  by  the  user,  and 
each  component. 
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SECTION  I 
INTRODUCTION 


Improvements  in  laser  and  tracking  technology  have  made  laser 
air  defense  systems  a  potential  threat  to  comhat  aircraft  in  the 
near  term  future.  In  order  to  fulfill  the  need  to  analyze  this 
threat,  the  model,  Assessment  of  Survivability  Against  Laser 
Threats,  ASALT-I ,  is  being  developed  under  the  cognizance  of  the 
Survivability  Evaluation  Branch,  Aircraft  Survivability  and 
Lethality  Division  of  the  Naval  Weapons  Center.  Recent  revisions 
have  been  made  to  the  program  to  provide  a  more  elaborate  method 
of  combining  components  into  several  levels  of  redundant  or  singly 
vulnerable  subgroups.  This  revision  to  the  ASALT-I  documentation 
includes  descriptions  of  the  new  input  required  to  define  an  air¬ 
craft  fault  tree  and  the  new  output  produced  by  the  model. 

The  ASALT-I  computer  program  provides  a  method  for  evaluating 
the  effectiveness  of  a  high-energy  laser  against  an  aircraft  fly¬ 
ing  a  path  previously  evaluated  for  various  encounter  conditions. 
The  output  from  this  program  is  the  accumulated  aircraft  kill  pro¬ 
bability  versus  flight  path  time.  In  addition,  a  summary  for  the 
whole  mission  presents  the  final  probabilities  of  kill  for  each 
kill  category  of  the  total  aircraft  model,  each  subgroup,  and  each 
component.  Each  level  of  Pk  computation  can  be  duplicated  for  up 
to  lu  distinct  aim  points.  The  combination  of  the  Engagement 
Model^  and  the  ASALT-I  Model  can  be  used  to  obtain  a  survivability 
estimate  for  an  entire  mission  involving  one  high-energy  laser  wea¬ 
pon  attacking  one  aircraft  with  consideration  given  to  engagement 
conditions,  tracking  requirements,  beam  propagation,  and  target 
vulnerability.  The  procedures  for  assessing  survivability  against 
a  laser  air  defense  system  by  using  these  programs  are: 

1.  Generate  a  flight  path  for  the  aircraft.  Program 
FLYGEN2  is  one  method  of  accomplishing  this. 

2.  Select  a  weapon  location  and  a  set  of  engagement  condi¬ 
tions  for  the  laser  weapon  system. 

3.  Run  the  Engagement  Model  to  determine  the  subsets  of  the 
flight  path  which  can  be  engaged. 

1  Steen rod ,  Fr eder ic k  J.,  and  Musch,  John  E.,  Engagement  Model 

Computer  Program  (ENGAGE)  Analyst/User  Manual ,  Armament 
Systems  Inc  .7  August  1980,  Unclassified 

2  virbila,  John  P.,  Aircraft  Flight  Path  Generator  Computer 

Program  (FLYGEN) ,  Joint  Technical  Coordinating  Group  for 
Munitions  Effectiveness,  April  1376,  Unclassified. 
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4.  Determine  the  vulnerability  of  the  aircraft's  components 
to  laser  radiation  at  2fc  look-angles  using  a  model  such 
as  the  QKLOOK^  programs. 

5.  Run  the  A SALT- I  Model. 

This  manual  contains  a  description  of  the  mathematical  con¬ 
cepts,  the  input  requirements,  and  an  output  description  for  the 
ASALT-I  Model.  Section  IX,  the  Mathematical  Model,  is  used  to  ex¬ 
plain  the  coordinate  systems,  tracking  computations,  beam  propaga¬ 
tion  model,  and  method  of  damage  assessment  used  in  this  program. 
The  definitions,  units,  and  required  order  for  all  input  parame¬ 
ters  are  explained  in  Section  III.  Examples  of  the  line  printer 
output  and  the  binary  output  file  are  discussed  in  Section  IV.  A 
complete  listing  of  the  FORTRAN  program,  including  comment  cards, 
is  presented  in  the  appendix. 


REQUIREMENTS  AND  CONSTRAINTS 

The  ASALT-I  Model  is  written  in  FORTRAN  and  requires  approxi¬ 
mately  14u, OOOg  (49152jq)  words  of  memory  on  a  Hewlett-Packard 
3000  computer  system.  The  program  structure  is  modular  and  flexi¬ 
ble  so  that  any  changes  and/or  improvements  may  be  easily  imple¬ 
mented.  Execution  of  the  program  requires  two  input  files  and  pro¬ 
duces  two  output  files.  Peripheral  device  requirements  are  one 
card  reader,  one  line  printer,  and  two  tape  units  or  other  devices 
for  sequential  files.  Simpler  arrangements  are  possible  depending 
on  the  computer  system.  The  program  in  its  present  form  has  the 
following  constraints: 

1.  Only  one  laser  weapon  system  in  a  fixed  location  mcy  be 
evaluated . 

2.  The  laser  flux  emission  function,  which  varies  with 
time,  may  contain  a  maximum  of  10  entries. 

3.  The  atmospheric  attenuation  function  and  the  correspond¬ 
ing  range  arguments  may  contain  no  more  than  10 
elements . 

4.  If  a  smoke  corridor  is  modeled,  its  length  and  location 
must  be  defined  as  a  line  segment  between  two  end 
points.  The  omission  of  a  smoke  corridor  is  allowed. 


3  Steenrod,  F.J.  and  Musch,  J.E.,  QKLOOK  Computer  Programs 

Analyst  and  User  Manual,  JTCG/AS-Vs-V-oUo ,  Joint  Technical 
Coordinating  Group  on  Aircraft  Survivability,  May  1980 


JTCG/AS-8 1  -S-004 


5.  The  maximum  number  of  aiir  points  on  the  target  is  10. 

6.  The  maximum  number  of  components  in  the  target  model  is 

luo. 


7.  A  maximum  of  three  different  fault  tree  structures  (kill 
categories)  can  be  evaluated  in  one  run. 

6.  The  maximum  number  of  elements  in  any  one  subgroup  is 
eight. 


9.  The  component  vulnerability  model  requires  exactly  10 

entries  in  the  function  defining  Pk  at  increasing  energy 
levels. 


10.  Component  presented  areas  and  widths  are  required  at  26 
standard  look-angles. 


Some  constraints  may  be  overcome  by  executing  the  program  sequenti¬ 
ally  several  times. 


CONCEPTUAL  FLOWCHART 

The  sequence  of  steps  employed  in  the  ASALT-I  Model  is  depic¬ 
ted  in  Figure  1-1  utilizing  a  flowchart  format.  The  steps  in  the 
flowchart  are  discussed  in  the  following  narrative  consisting  of 
paragraphs  corresponding  to  the  letters  in  small  hexagons  on  the 
flowchart.  For  the  sake  of  continuity  in  documentation.  Figure 
1-1  follows  the  discussions  of  all  steps. 

Step  A 

Execution  of  this  program  begins  by  reading  the  data  deck 
from  Logical  Unit  #5  and  making  some  preliminary  computations. 
These  data  include  parameters  defining  the  laser  weapon  system  and 
its  tracking  system,  the  atmospheric  conditions,  and  the  aircraft 
fault  tree  model. 

Step  B 

This  step  is  the  beginning  of  the  t:.me  loop  in  the  program. 
The  aircraft  flight  path  data  for  each  new  time  increment  is  com¬ 
puted  from  data  on  the  Flight  Path  Input  File.  After  all  computa¬ 
tions  for  this  time  increment  are  completed,  program  control  will 
return  to  this  step  to  begin  the  cycle  again  for  the  next  time 
increment.  Two  tv :tc  are  made  before  program  control  continues 
with  Step  C.  If  .he  end  of  the  flight  path  is  reached,  control 
branches  to  Step  I  to  terminate  program  execution.  The  second 
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test  is  used  to  check  the  results  of  the  engagement  conditions 
tested  during  execution  of  the  Engagement  Model.  If  this  test 
indicates  that  the  laser  cannot  engage  the  aircraft  at  the  current 
time,  program  control  branches  to  Step  H,  the  end  of  the  time 
loop. 

Step  C 

Step  C  is  the  tracking  module  of  the  program  wherein  all  con¬ 
ditions  involving  the  weapon's  tracking  system  are  evaluated. 

These  conditions  include  the  minimum  prefire  tracking  time  and  the 
maximum  slewing  rates.  If  either  condition  is  not  satisfied,  pro¬ 
gram  control  branches  to  Step  H,  bypassing  the  laser  firing  steps. 
If  both  tracking  conditions  are  satisfied,  the  laser  flux  emission 
rate  is  computed  from  the  input  parameters  defining  the  weapon 
system;  then  program  control  continues  with  the  next  step. 

Step  D 

In  this  step,  any  decrease  in  beam  intensity  occurring  while 
the  beam  propagates  through  the  atmosphere  to  the  target  is  deter¬ 
mined,  and  used  to  compute  the  intensity  reaching  the  target.  The 
factors  which  influence  the  degradation  of  beam  intensity  include 
an  attenuation  function  which  varies  with  range,  and  attenuation 
when  the  weapon-to-aircraf t  geometry  intersects  a  smoke  corridor. 

Step  E 

This  step  is  the  beginning  of  a  loop  which  iterates  for  each 
aim  point  on  the  target.  The  computations  inside  this  loop  are 
used  to  determine  aircraft  damage  when  the  laser  is  directed  at 
the  current  aim  point.  Associated  with  each  aim  point  is  an  enve¬ 
lope  of  look-angles  which  specify  the  geometrical  conditions  re¬ 
quired  to  fire  at  the  aim  point.  If  the  aim  point  cannot  be  hit, 
program  control  jumps  to  the  end  of  the  aim  point  loop  at  Step  G; 
otherwise  execution  continues  with  Step  F. 

Step  F 

In  this  step,  the  laser  energy  on  each  component  is  accumula¬ 
ted  and  the  resulting  deunage  is  evaluated.  This  is  done  by  execu¬ 
ting  an  inner  loop  for  every  component  in  the  target  model  which 
includes:  computing  the  expected  time  for  the  beam  on  each  compo¬ 
nent;  accumulating  the  total  energy  that  has  reached  the  component 
for  the  current  aim  point;  and  determining  the  deunage  caused  by 
that  level  of  accumulated  energy. 
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Step  C- 

This  is  the  last  step  in  the  aim  point  loop  and  is  executed 
only  after  the  component  loop  has  been  completed.  After  the 
current  level  of  damage  for  each  component  has  been  computed  in 
the  preceding  step,  Subroutine  FALTRE  is  executed  which  uses  the 
fault  tree  structure  for  each  kill  category  to  compute  the  damage 
to  the  total  aircraft.  The  decision  block  in  this  step  represents 
the  end  of  the  aim  point  loop,  branching  back  to  Step  E  until  all 
aim  points  have  been  considered. 

Step  H 

Step  H  is  the  last  step  in  the  time  loop.  Aircraft  damage  up 
to  the  current  time  for  each  aim  point  is  printed  during  this  step 
if  requested  by  the  user.  Program  execution  then  continues  with 
the  next  time  increment  at  Step  B. 

Step  I 

This  step  is  reached  only  after  the  entire  flight  path  has 
been  processed  and  is  the  concluding  step  in  program  execution. 

In  this  step  a  summary  of  damage  to  components,  subgroups,  and  the 
total  aircraft  is  printed  for  each  aim  point  before  program 
execution  halts. 
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Figure  1-1 


AS ALT- I  Model  Conceptual  Flowchart 
(Page  2  of  3)  . 
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SECTION  II 
MATHEMATICAL  MODEL 


The  mathematical  concepts  used  in  the  ASALT-I  Model  are 
presentea  in  this  section.  There  are  five  subsections  of  the 
Mathematical  Model  as  follows: 

1.  Coordinate  Systems 

2.  Tracking  Computations 

3.  Beam  Propagation 

4.  Damage 

b.  List  of  Abbreviations  and  Symbols. 

In  the  first  subsection,  geometrical  computations  used  in  the  pro¬ 
gram  are  presented.  These  include  the  cooroinate  systems,  trans¬ 
formations  between  cooroinate  systems,  and  look-angle  computa¬ 
tions.  The  next  three  subsections  correspond  to  the  three  basic 
modules  in  the  program.  The  Tracking  Computations  subsection 
includes  a  derivation  of  the  slewing  rate  computations.  In  the 
Beam  Propagation  subsection,  the  models  for  atmospheric  attenua¬ 
tion  and  laser  beam  intersection  with  a  smoke  corridor  are  presen¬ 
ted.  The  Damage  subsection  is  used  to  describe  the  models  for 
accumulating  energy  on  each  component  and  combining  component  Pk's 
into  total  target  Pk's  using  the  fault  tree.  Symbols  used  in  the 
mathematical  equations  are  defined  in  the  text,  and  in  a  complete 
list  in  the  final  subsection. 


COORDINATE  SYSTEMS 

The  four  coordinate  systems  used  in  the  ASALT-I  Model  are  de¬ 
picted  in  Figure  2-1,  where  the  subscripts  on  each  axis  identify 
the  system  name.  The  General  Coordinate  System  is  the  primary  sys¬ 
tem  for  this  model.  It  is  used  for  the  laser  weapon  location,  the 
smoke  field  location,  the  tracking  rate  computations,  and  the 
printed  flight  path  coordinates.  The  Aircraft  Coordinate  System 
has  its  origin  at  the  target  aircraft  center  of  gravity  and  is 
used  in  defining  component  and  aim  point  locations  on  the  air¬ 
craft.  All  data  on  the  Flight  Fath  Input  File  are  in  the  Flight 
Path  Coordinate  System,  and  are  transformed  into  the  General 
Coordinate  System  as  soon  as  they  are  read.  These  three  systems 
are  identical  to  the  coordinate  systems  used  in  the  Engagement 
Model  and  have  the  same  names.  The  Encounter  Coordinate  System  is 
the  only  added  system.  It  is  used  for  computations  involving  the 
laser  beam  encountering  the  target,  such  as  computing  the  proba¬ 
bility  of  hit  for  a  component.  All  of  these  systems  have  orthogo¬ 
nal  right-handed  axes. 
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General  Coordinate  System 

The  General  Coordinate  System  has  a  horizontal  XV -plane  with 
the  X-axis  pointing  east  and  the  Y-axis  pointing  north.  The 
Z-axis  points  in  the  direction  of  increasing  altitude.  The  loca¬ 
tions  for  the  laser  weapon  and  the  smoke  corridor  specified  in  the 
input  data  oeck  are  in  this  coordinate  system.  Additionally,  sev¬ 
eral  computations  and  the  aircraft  flight  path  locations  appearing 
on  the  line  printer  output  are  in  the  General  Coordinate  System. 

Flight  Path  Coordinate  System 

All  data  on  the  Flight  Path  File  read  from  Logical  Unit  #10 
are  in  the  Flight  Path  Cooroinate  System.  This  system  must  be  a 
right-handed  coordinate  system,  and  have  a  horizontal  XY-plane  as 
well  as  a  Z-axis  pointing  in  the  direction  of  increasing  altitude, 
when  these  conditions  are  met,  the  user  can  facilitate  the  trans¬ 
formation  of  data  from  the  Flight  Path  Coordinate  System  into  the 
General  Coordinate  System  by  suppling  the  coordinates  of  a  refer¬ 
ence  point  and  a  rotation  angle.  For  this  program  the  reference 
point  may  be  any  point  in  the  XY-plane  of  the  Flight  Path 
Coordinate  Sytem  selected  by  the  user. 

Let 

(*f r »  yfr*  b)  *  reference  point  coordinates  in  the  Flight 

Path  Coordinate  System 

(Xgr«  Ygr>  Zgr)  *  coordinates  of  the  same  reference  point  in 

the  General  Coordinate  System 

4»l  «  rotation  angle  from  the  X-axis  of  the  Flight  Path 

Coordinate  System  to  the  X-axis  of  the  General  Coor¬ 
dinate  System  (a  positive  rotation  is  counterclock¬ 
wise  when  viewed  from  above,  i.e.  the  positive 
z-axis) 

These  uata  supplied  by  the  user  on  card  2  relate  the  two  Coordi¬ 
nate  systems.  Any  aircraft  location  in  the  Flight  Fath  Coordinate 
System,  (Xf,  y^ ,  Zf) ,  can  be  transformed  into  an  equivalent  point 
in  the  General  Coordinate  System,  (Xg,  yg ,  Zg) ,  by  executing  this 
equation: 
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where 

(*t»  Yf#  £f )  ■  an  aircraft  location  in  the  Flight  Path 
Coordinate  System 

(*g»  y g »  *g)  ■  the  location  in  the  General  Coordinate  System 
equivalent  to  Uf,  yf ,  Zf) 

Similarly  any  vector#  such  as  the  velocity  or  acceleration 
vectors,  in  the  Flight  Path  Coordinate  System,  (v»f  ,  vyf  ,  v2f)  , 
can  be  rotated  into  the  equivalent  vector  in  the  General  Coordi¬ 
nate  System,  (vXg#  vyg*  vjg)  ,  by  using  this  equation: 


cos^  sini^  0 
sin^  cosij^  0  * 

0  0  1 

where 

(vxf#  Vyf ,  vzf)  r.  a  vector  in  the  Flight  Path  Coordinate 

System 

<vxg  •  vyg»  vzg)  *  the  vector  in  the  General  Coordinate  System 

equivalent  to  the  vector  (vXf,  vyf  ,  v2f) 

The  flight  path  data  also  include  heading,  dive,  and  roll 
angles  for  the  aircraft.  The  dive  and  roll  angles  are  equivalent 
in  both  the  Flight-  Path  and  General  Coordinate  Systems.  The 
heading  angle  must  be  transformed  into  the  General  Coordinate 
System  by  exe^u* inq  this  equation: 

<*  ■  (2-3) 

whero 

\|tf  **  aircraft  heading  angle  in  the  Flight  Path  Coordinate 
System 

^  •  aircraft  heading  angle  in  the  General  Coordinate 
System  equivalent  to  <>f 

The  data  on  the  Flight  Path  File  are  transformed  to  the  Gener¬ 
al  Coordinate  System  by  executing  Equations  2-1,  2-2,  and  2-3  imme¬ 
diately  after  reading  each  record  during  execution  of  Subroutine 
READlu  * 
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Aircraft  Coordinate  System 

The  Aircraft  Coordinate  System  has  its  origin  at  some  fixed 
point  on  the  aircraft.  The  X-axis  points  out  the  nose  of  the  air¬ 
craft,  the  Y-axis  points  out  the  fuselage  on  the  side  with  the 
left  wing,  and  the  z-axis  points  out  the  top  of  the  aircraft. 

This  system  is  used  to  specify  component  ana  aim  point  locations, 
and  to  compute  look-angles  to  the  target. 

Transformations 

Vectors  are  transformed  from  the  General  to  the  Aircraft  Coor 
ainate  System  using  a  transformation  matrix,  T,  determined  by  the 
heading,  dive,  and  roll  angles  which  relate  the  two  coordinate  sys 
terns.  The  derivation  of  matrix  T  is  dependent  on  the  order  of  the 
rotation  angles  and  the  direction  of  each  angle.  The  order  of 
rotations  used  in  this  program  is  heading,  followed  by  dive,  and 
then  roll. 

Figure  2-2  is  used  to  show  an  arbitrary  coordinate  system 
with  axes  Xi,  Yi,  and  Zi  being  rotated  through  the  sequence  of 
heading,  dive,  and  roll  angles.  In  the  top  diagram,  the  original 
coordinate  system  with  axes  Xp,  and  Zp  is  being  rotated 

through  a  heading  angle,  ,  to  obtain  a  system  with  axes  X2,  Y2» 
and  Z2*  This  new  system  Is  then  rotated  in  the  middle  diagram 
through  a  dive  angle,  resulting  in  the  system  with  axes  X3,  Y3, 
ana  Z3.  Finally  the  roll  angle  transformation  is  shown  in  the 
bottom  diagram,  resulting  in  the  system  with  axes  X4,  Y4,  and  £4. 
Figure  2-2  is  also  used  to  show  the  direction  of  positive  heading, 
dive,  and  roll  angles,  along  with  the  corresponding  transformation 
matrices.  Let 

(x,  y,  z) 1  *  vector  in  the  coordinate  system  with  axes 
X3,  Yj,  and  Zj. 

The  equivalent  vector  in  the  coordinate  system  with  axes  X4,  Y4, 
and  Z4  can  be  computed  by: 

(x,  y,  2)4  «  (X,  y,  z)i  *  [HJ  *  [D]  *  [R]  (2-4) 


where 


H  «  heading  transformation  matrix 
D  «  dive  transformation  matrix 
R  *  roll  transformation  matrix 

Since  matrix  multiplication  is  associative,  the  vector  transfor 
(nation  may  use  matrix  T: 
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Zl“Z2 


(x,y ,z) ,  -  (x,y,s) .  * 


coat  -sint  0 
aint  qoi<|i  0 
0  0  1 


Heading  Angle  Transformation 


Z. 


V 


(x,y ,s) 3  -  (x,y,*)2  * 


cos  9 

0 

sine 

0 

1 

0 

-sine 

0 

cose 

y2»y3  Diva  Angla  Transformation 


x,y,s).  -  (x,y,a)  * 


10  0 
0  cost  -sint 
0  sint  cost 


Roll  Angle  Transformation 


FIGURE  2-2.  Heading,  Dive  and  Roll  Transformations. 
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(x,  y ,  2)4  -  (x,  y ,  z)i  *  (TJ 


(2-5) 


where 


IT]  -  (I1J  *  [D]  *  [R] 


(2-6) 


fruDStitut ing  the  matrices  given  in  Figure  2-2 , 


cosiji  -sinif/  0 
sin4>  cos^  0 


cos6  0  sinO 


-sine  0  cosQ 


0  C08<J>  -sin<J>  (2-7) 

0  sin<t>  cos<)> 


cos^cose  -sinij/cosij'  +  cosij<sin9sin$>  simj*3in<{>  +  cos  ^  sing  cos  $ 

(T)  *  sin4»cos9  cos^costf)  +  simj»sin9sin$  -cos^simj)  +  sinijjsin0cos4>  (2~8) 


-sir.0 


cos0sin<p 


cos9cos4> 


The  transformation  derived  in  Equations  2-4  through  2-8  is 
used  in  converting  from  the  General  Coordinate  System  to  the  Air¬ 
craft  Coordinate  System.  In  Figure  2-2,  as  well  as  Equation  2-5, 
the  system  with  axes  Xj,  Yj,  and  2j  corresponds  to  the  General 
Coordinate  System,  and  the  system  with  axes  X4,  Y4,  and  24  corre- 
sponas  to  the  Aircraft  Coordinate  System.  The  transformation 
matrix  in  Equation  2-8  is  computed  and  stored  by  executing  Subrou¬ 
tine  MATRIX  with  the  heaaing,  dive,  and  roll  angles  given  as 
arguments.  Since  the  matrix  in  Equation  2-8  is  orthogonal,  its 
inverse  is  simply  the  transpose  of  matrix  T: 


cosiJjcosO 


sinipcosS 


-sine 


-sini|<co84>  +  cos\)jsin0sin$  cos^cos<{>  +  sini{>sin0sin<j>  cos0sin<J)  (2-9) 

sin<|'8in<)>  +  cost|>sin9cos<t>  -cosiJ/sin4)  +  sinijisin0cos<j>  cosOcos^ 


This  matrix  is  also  stored  when  Subroutine  MATRIX  is  executed  and 
is  used  in  transforming  from  the  Aircraft  to  the  General  Coordi¬ 
nate  Systems.  Transformation  of  any  vector  from  one  coordinate 
system  to  another  is  done  by  executing  Subroutine  VXMAT  with  the 
vector  and  desired  transformation  specified  in  the  argument  list. 
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Look-Angles 

To  compute  the  presented  area  for  a  component,  the  azimuth 
and  elevation  look-angles  of  the  line  from  the  weapon  to  the  com¬ 
ponent  must  be  computed.  In  Figure  2-3  the  orientations  of  the 
look-angles  around  the  aircraft  centroid  are  shown.  The  azimuth 
look-angle  is  measured  from  the  rear  of  the  aircraft  in  a  counter¬ 
clockwise  direction  when  viewed  from  the  top  of  the  aircraft.  The 
elevation  look-angle  is  measured  from  the  bottom  of  the  aircraft 
(U.O  degrees)  to  the  top  (180.0  degrees).  The  look-angles  to  a 
component  use  the  same  orientation,  but  the  system  origin  is  first 
translated  to  the  component  location.  The  look-angles  to  a  compo¬ 
nent  are  computed  by  converting  the  vector  from  the  laser  location 
to  the  aircraft  centroid  into  the  Aircraft  Coordinate  System  and 
adding  the  vector  locating  the  component  on  the  aircraft. 


Gta 

*  Gtg* IT] 

(2-10) 

Gca 

*  Gta  +  ca 

(2-11) 

where 

Gtg  ■  vector  from  the  laser  location  to  the  target  center  in 
the  General  Coordinate  System 

Gta  *  vector  in  the  Aircraft  Coordinate  System  equivalent  to 
Gtg 

Ca  «  vector  locating  the  component  in  the  Aircraft 
Coordinate  System 

Gca  *  vector  from  the  laser  location  to  the  component  in  the 
Aircraft  Coordinate  System  with  components  (cx,  cy ,  cx) 

The  look-angles  to  the  com^nent  are  then  computed  using: 

Aic  *  tan-1 (cy/cx)  (2-12) 

Eic  «  V2  -  tan-1  (cz/(cx2  +  Cy2)l/2)  (2-13) 


where 


Aic  *  azimuth  look-angle  of  the  line  from  the  laser  location 
to  the  component;  0.0  <  Aic  1  2m 

Elc  *  elevation  look-angle  of  the  line  from  the  laser 
location  to  the  component;  0.0  <  Eic  <  * 
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The  look-angles  computed  by  using  Equations  2-12  and  2-13 
result  in  angles  which,  when  oriented  as  shown  in  Figure  2-3,  are 
the  proper  angles  to  point  a  vector  from  the  component  back 
towards  the  laser  location?  that  is,  the  look-angles  define  the 
negative  of  the  vector  Gca .  The  relationship  of  the  vector  Gca 
and  the  look-angles  is  shown  in  Figure  2-4.  Note  that  the  coordi¬ 
nate  system  in  this  figure  is  obtained  by  translating  the  origin 
of  the  Aircraft  Coordinate  System  to  the  component  center.  The 
range  of  values  for  the  angles  Aic  and  Eic  is  achieved  by  using 
the  A TAN 2  FORTRAN  function  and  some  IF  statements  in  Subroutine 
LG KANG .  The  azimuth  and  elevation  look-angles  to  an  aim  point  on 
the  target  are  computed  by  the  same  procedure  substituting  the  aim 
point  location  for  the  component  location. 


Encounter  Coordinate 


'Stem 


The  final  coordinate  system  is  used  for  computations  involv¬ 
ing  the  laser  beam  interacting  with  the  target.  The  Encounter 
Coordinate  System  has  its  origin  at  one  of  the  aim  points  on  the 
target.  The  X-axis  points  along  the  1  ine-of-sight  toward  the 
laser  location,  so  that  the  YZ-plane  is  perpendicular  to  the 
1 ine-of-sight .  The  angular  transformation  from  the  Aircraft  to 
the  Encounter  Coordinate  Systems  involves  a  heading  rotation, 
of  the  XY-plane,  followed  by  a  dive  rotation,  e,  of  the  new 
XZ-plane.  The  rotation  angles  are  computed  using 


*  Aia  -  * 

6  *  tt/2  -  EXi 


(2-14) 

(2-15) 


where 


Aia  =  azimuth  look-angle  of  the  line  from  the  laser  location 
to  the  aim  point;  O.U  <  Aia  <  2v 

Eia  *  elevation  look-angle  of  the  line  from  the  laser 
location  to  the  aim  point;  0.0  <  Eia  <.  it 

*  rotation  angle  for  the  XY-plane;  -n  <  <  tt 

6  «  rotation  angle  for  the  XZ-plane  after  rotation  through 
ijj;  —  x/2  <  0  <  V2 

Figure  2-5  is  used  to  show  the  relationship  of  the  angles  4»,  Aia, 

0  and  Eia  in  the  Encounter  Coordinate  System.  These  rotations  are 
equivalent  to  the  first  two  shown  in  Figure  2-2.  By  assigning  a 
roll  angle  equal  to  0.0,  the  Aircraft  to  Encounter  Coordinate  Sys¬ 
tem  transformation  matrix  can  be  computed  using  Equation  2-6  with 
heading  and  dive  angles  from  Equations  2-14  and  2-15.  This  is 
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Z 


$ 


§ 


-Z 


&lc  is  the  angle  computed  by  using  Equation  2-12  in  the 

translated  coordinate  system,  and  is  equivalent  to  the 
azimuth  look-angle  Aic, 

EYc  is  the  angle  computed  by  using  Equation  2-13  in  the 

translated  coordinate  system  and  is  equivalent  to  the 
elevation  look-angle  Eic. 

Figure  2-4.  Look-angle  Computation. 
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Laser 

Location 


Xa,  Ya,  and  Za  ace  the  Aircraft  Coordinate  System  Axes 

translated  to  the  aim  point. 

Xe,  Ye,  and  Ze  are  the  Encounter  Coordinate  System  Axes. 


Figure  2-5.  Rotation  Angles  into  the  Encounter  Coordinate  System 
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done  by  simply  invoking  Subroutine  MATRIX  with  the  new  rotation 
angles  as  the  arguments. 

TRACKING  COMMUTATIONS 

The  tracking  module  in  the  ASALT-I  Model  is  used  to  evaluate 
two  conditions  which  are  prerequisites  for  the  simulation  of  laser 
firing.  The  first  condition  is  that  the  minimum  prefire  track 
time  must  be  satisfied.  This  computation  is  a  simple  comparison 
of  time  values.  The  second  condition  is  the  comparison  of  the 
weapon  slewing  rates  with  the  maximums  for  the  system  established 
by  the  user  on  Card  7  of  the  input  neck.  The  slewing  rates  are 
computed  by  evaluating  the  first  derivatives  of  the  weapon-to-tar- 
get  azimuth  and  elevation  angles.  The  azimuth  and  elevation 
angles  of  the  vector  from  the  weapon  to  the  target  are  computed  ^y 


Az  *  tan-1 (y/x) 

Ei  *  tan-1  (z/(x2  +  y2)l/2) 


(2-16) 

(2-17) 


where 


Az  *  azimuth  angle  of  the  line  from  the  weapon  to  the  target 

Ei  *  elevation  angle  of  the  line  from  the  weapon  to  the 
target 

(x,y,z)  *  vector  from  the  laser  locatior  to  the  target  in  the 
General  Coordinate  System 

Using  the  prime  notation  for  derivatives  with  respect  to  time,  the 
azimuth  slew  rate  equation  is 


Az'  *  (y/x)  */ll  +  (y/x)2l 
Az  *  *  (xy*  -  x'y)/(x2  +  y2) 
The  elevation  slew  rate  equation  is: 


(2-18) 

(2-19) 


(2-20) 


V  *  r 


-z  [(XX'  +  yy*  +  zz')/(x2  +  y2  +  z2)]J*  [l/(x2  +  y2)1/2]  (2 


-21) 
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where 

Az’  •  azimuth  slew  rate 
Ei'  *  elevation  slew  rate 

(x',y',2')  «  rate  jf  change  in  the  aircraft  position  vector;  the 
aircraft  velocity  vector 

BEAM  PROPAGATION 

As  the  laser  beam  propagates  through  the  air,  its  power 
aecreases  due  to  interaction  with  molecules  and  particulate  matter 
in  the  atmosphere.  The  propagation  module  of  the  program  uses  an 
array  of  attenuation  factors  which  are  a  function  of  range  to  simu 
late  the  effects  of  atmospheric  attenuation  on  the  beam. 

One  possible  countermeasure  for  use  against  a  laser  beam  is  a 
smoke  corridor.  The  principle  is  that  a  thick  cloud  of  smoke 
would  further  degrade  the  beam  power  reaching  the  aircraft.  A 
smoke  corridor  may  be  modeled  in  the  program  by  specifying  two  end 
points  in  the  General  Coordinate  System  for  the  corridor  on  Card 
10  of  the  input  deck.  The  power  degradation  due  to  smoke  inter fer 
ence  occurs  only  *  ’.an  the  vector  from  the  laser  location  to  the 
target  intersects  the  line  between  the  smoke  corridor  end  points 
as  shown  in  Figure  2-6.  This  intersection  requires  satisfaction 
of  two  mathematical  conditions:  first,  the  azimuth  angle  from  the 
laser  to  the  aircraft  must  be  between  the  azimuth  angles  from  the 
laser  to  the  end  points  of  the  smoke  corridor;  second,  the  range 
from  the  laser  to  the  aircraft  must  be  greater  than  the  range  from 
the  laser  to  the  point  of  intersection.  The  first  condition  is 
evaluated  by  simply  comparing  azimuth  angles.  The  second  condi¬ 
tion  requires  that  the  point  of  intersection  (x^,  y^)  be  deter¬ 
mined  so  that  the  ranges  may  be  compared.  The  computation  of  the 
intersection  point  involves  the  solution  of  two  simultaneous 
equations.  The  point  of  intersection  may  be  expressed  as: 

x i  *  xw  +  Sty(Xg  —  x (2—22) 

Yi  »  Yw  +  sw(Ya  ~  Yw)  (2-23) 

where 

»  x-coordinate  of  the  point  of  intersection 
yi  *  y-coordinate  of  the  point  of  intersection 
xw  *  x-coordinate  of  the  weapon  location 
Yw  “  y-coordinate  of  the  weapon  location 
xa  m  x-coordinate  of  the  aircraft  location 
Ya  m  y-coordinate  of  the  aircraft  location 
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Figure  2-6.  Smoke  Corridor  Geometry. 
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sw  «  fraction  of  the  horizontal  distance  between  the  laser 
and  aircraft  at  which  the  point  of  intersection  lies 

The  sane  point  of  intersection  may  be  expressed  as: 

*i  "  *sl  ♦  s8(x82  *  xsl)  (2-24) 

yi  “  y8l  ♦  88(ys2  -  ysi)  (2-25) 

where 


xsl  *  x-coordinate  of  the  smoke  corridor  first  end  point 

y8l  ■  y-coordinate  of  the  smoke  corridor  first  end  point 

xs2  ■  x-coordinate  of  the  smoke  corridor  second  end  point 

y82  *  y-coordinate  of  the  smoke  corridor  second  end  point 

ss  »  fraction  of  the  distance  between  the  first  and  second 
end  points  at  which  the  point  of  intersection  lies. 


Equations  2-22  and  2-24  as  well  as  2-23  and  2-25  can  be  equated 
resulting  in  two  simultaneous  equations  with  two  unknowns  ,  sw  and 
ss,  as  shown  below. 

xw  ♦  sw<xa  ~  xw)  *  xsl  +  ss(xs2  “  xsl>  (2-26) 

yw  +  sw(ya  -  y w>  -  ysi  +  *s<ys2  -  y#i>  <2*27> 

Living  Equation  2-26  for  s„  and  substituting  into  Equation  2-27 
results  in  an  expression  which  can  be  solved  for  the  term  se. 


<ya  -  yw>  <».i  -  *„>  *  <»«  -  y  <yM  -  ysl> 

3  <ys2  -  y,l> (xa  -  V  -  <x,2  -  x,l> <ya  *  yw> 


By  valuating  Equation  2-28  first,  the  fraction  ss,  can  be  substi¬ 
tuted  into  Equations  2-24  and  2-25  resulting  in  the  values  for  the 
cl  dinates  of  the  point  of  intersection.  The  rest  of  the  smoke 
corridor  problem  consists  of  simple  distance  computations  and 
com par isons. 


DAMAGE 

In  order  for  a  laser  beam  to  damage  an  aircraft,  the  power  in 
the  laser  beam  must  accumulate  over  a  period  of  time  until  the  to¬ 
tal  energy  absorbed  by  some  component  is  adequate.  In  the  ASALT-I 
Model,  the  user  selects  up  to  10  aim  points  on  the  aircraft.  Asso¬ 
ciated  with  each  aim  point  is  an  envelope  defining  the  range  of 
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look-angles  at  which  the  aim  point  can  be  hit,  and  a  pair  of  stan¬ 
dard  aeviations  for  the  errors  in  locating  and  holding  a  beam  on 
the  aim  point.  Ihe  probability  of  hitting  a  component  is  computed 
by  determining  the  rectangular  presented  area  of  the  component, 
computing  the  total  standard  deviations,  and  integrating  an  offset 
Gaussian  probability  density  function  over  the  component  presented 
area.  An  example  target  with  components,  aim  points,  and  an  aim 
point  envelope  is  snown  in  Figure  2-7.  The  probability  of  hit  is 
multiplied  by  an  integration  time  interval  to  uetermine  the  ex¬ 
pected  time  duration  of  the  laser  beam  center  on  the  component  of 
interest.  The  expected  time  multiplied  by  the  attenuated  beam 
power  results  in  the  amount  of  energy  reaching  the  component 
during  the  time  interval.  Ey  summing  the  added  energies  for  each 
time  interval,  the  total  expected  energy  on  the  component  is  ob¬ 
tained.  Component  Fk  is  dependent  on  the  total  energy  accumula¬ 
ted.  Ihe  component  Fk's  are  then  combined  using  fault  tree  struc¬ 
tures  resulting  in  subgroup  and  total  target  Pk's  for  each  kill 
category.  All  of  the  damage  computations  are  evaluated  separately 
for  every  aim  point. 


Component  Rectangular  Presented  Area 


The  user  assembling  the  input  data  deck  must  include  a  loca¬ 
tion,  as  well  as  26  presented  areas  and  widths  for  each  component 
on  Cards  13  and  14.  These  data  are  used  in  the  ASALT-J.  Program  to 
determine  the  location  and  boundaries  of  the  component  presented 
area  based  on  the  current  weapon-to-aircraft  geometry.  Each  pre¬ 
sented  area  and  width  pair  may  be  interpreted  as  the  area  and  hor¬ 
izontal  length  as  seen  from  the  weapon  location  when  the  look- 
angles  define  the  orientation  between  the  weapon  and  component. 

In  Figure  2-8  the  width  and  presented  area  for  a  component  are 
shown  for  an  azimuth  look-angle  equal  to  225  degrees  and  an  eleva¬ 
tion  look-angle  equal  to  135  degrees  (refer  to  Figure  2-3  for 
look-angle  orientations).  The  figure  depicts  the  target  as  it 
would  be  seen  from  the  weapon  location. 


The  26  standard  sets  of  azimuth  and  elevation  look-angles 
used  in  this  program  are  listed  in  Table  2-1.  For  an  arbitrary 
set  of  azimuth  and  elevation  look-angles  from  the  laser  location 
to  the  component,  the  presented  area  and  width  are  interpolated 
from  the  26  sets  of  input  values.  Subroutine  INT26  is  used  to 
select  four  of  the  26  standard  look-angles  which  geometrically 
srrround  the  current  look-angles,  and  to  perform  an  interpolation 
between  the  corresponding  sets  of  presented  areas  and  widths. 
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Figure  2-8. 

Example  Component 

Presented 

Area  and 

Width. 

Table 

2-1.  Standard  Look-angles 

for  Component  Presented  Areas 

and 

Widths. 

-  LOOK- ANGLES  - 

-  LOOK- 

ANGLES  - 

INDEX 

AZIMUTH 

ELEVATION 

INDEX 

AZIMUTH 

ELEVATION 

1 

0 

0 

14 

180 

90 

2 

0 

45 

15 

225 

90 

3 

45 

45 

16 

270 

90 

4 

90 

45 

17 

3x5 

90 

5 

135 

45 

18 

0 

135 

6 

180 

45 

19 

45 

135 

7 

225 

45 

20 

90 

135 

8 

270 

45 

21 

135 

135 

9 

315 

45 

22 

180 

135 

10 

0 

90 

23 

225 

135 

11 

45 

90 

24 

270 

135 

12 

90 

90 

25 

315 

135 

13 

135 

90 

26 

0 

180 
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Probability  of  Hit 

The  probability  of  hitting  the  component  is  computed  assuming 
the  component  has  a  rectangular  presented  area  and  that  the  normal 
(Gaussian)  probability  uensity  function  describes  the  accuracy  of 
the  beam  center  hitting  the  aim  point.  With  these  assumptions, 
the  probability  of  nit  is  computed  by  integrating  a  two-dimension¬ 
al  normal  probability  density  function  centered  at  the  aim  point, 
over  limits  defined  by  the  offset  component  presented  area.  The 
mathematical  expression  used  is: 


P 


H 


1 


2lTOy°z 


1 


+  V  2 


exp 


~  «,/ 2 


dzdy 


(2-29) 


where 

ay  •  total  standard  deviation  in  the  direction  of  the  Y-axis 
of  the  Encounter  Coordinate  System 

cr  *  total  standard  deviation  in  the  direction  of  the  Z-axis 
of  the  Encounter  Coordinate  System 

Yl  *  y-coordinate  of  the  component  centroid  in  the  Encounter 
Coordinate  System 

•  E-coordinate  of  the  component  centroid  in  the  Encounter 
Coordinate  System 

9y  *  width  of  the  component  presented  area 

g 2  *  height  of  the  component  presented  area 

*  probability  of  hitting  a  rectangular  component  offset 
from  the  aim  point 


The  standard  deviations  in  Equation  2-29  are  computed  by  combining 
standard  deviations  in  aim  point  location  and  jitter  using  these 
equations 


+ 


+ 


(2-3U) 

(2-31) 
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where 

Ojy  *  standard  deviation  aue  to  jitter  of  the  beam  in  the 
direction  of  the  Y-axis  of  the  Encounter  Coordinate 
System 

<Jj2  ■  standard  deviation  due  to  jitter  of  the  beam  in  the 
direction  of  the  2-axis  of  the  Encounter  Coordinate 
System 

°ay  ■  standard  deviation  of  the  error  in  locating  and 

tracking  the  aim  point  in  the  direction  of  the  Y-axis 
of  the  Encounter  Coordinate  System 

°az  *  standard  deviation  of  the  error  in  locating  and 

tracking  the  aim  point  in  the  direction  of  the  2-axis 
of  the  Encounter  Coordinate  System 

The  probability  of  hit,  P^,  in  Equation  2-29  is  computed  as  the 
product  of  two  integrals 


H 


Yi  +  9/ 2 


STv 


tr  [  1  exp  K/2oy2) 
yi  -  y* 


dy 


zi  +  9z/2 


VTn 


tv  f  1  *  exp  K/20*2) 

Z  Z1  -  V2 


dz 


(2- 


Each  of  these  integrals  is  evaluated  by  using  a  modified  version 
of  an  approximation  from  Approximations  for  Digital  Computers  by 
Hastings. 4 


4  Hastings,  Cecil  Jr.,  assisted  by  Hayward,  Jeanne  T.,  and 
Wong,  James  P.  Jr,,  Approximations  for  Digital  Computers, 
page  187,  Princeton  University  Press  (1955) 


32) 
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Hastings  approximates  this  integral 


(2-33) 


by  using 
4(x)  ■  1 

where 


SjX  a2x2  +  a3x3  +  a4x4  +  *5x5  +  *6x6) 


16 


(2-34) 


ai  «  0.0705230784 
a2  -  0.0422820123 
a3  -  0.0092705272 
a4  -  0.0001520143 
a5  -  0.0002765672 
a6  -  0.0000430638 


The  probability  of  hit  along  one  axis  is  one  of  the  factors  from 
Equation  2-32.  Using  the  Y-axis  as  an  example 


(2-35) 


(2-36) 


(2-37) 
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where 

P(Yl  +  gy/2)  *  integral  of  the  normal  probability  density 
function  evaluated  from  -®  to  (y^  +  gy/2) 

p(Yl  -  9y/2)  =  integral  of  the  normal  probability  density 
function  evaluated  from  -®  to  (y^  -  gy/2) 

Pjjy  ®  probability  of  hit  within  the  y  directional 
limits  of  the  component  presented  area 

Since  the  normal  probability  density  function  used  in  Equations 
2-35  and  2-36  has  a  mean  at  y=0,  and  the  integral  of  this  function 
from  -®  to  the  mean  equals  one-half,  the  first  term  in  Equation 
2-37  may  be  written  as: 

fyl  +  V2 

e  [y1  +  <V2>]  =  I  +  v7~-1"  J  ei£p  (~Y2/2oy2)  dY  C2 -3S) 


Substituting 


y/2  a. 


dt  = 


+  9./ 2 


VT  ”, 

\V2a  I  2  VT  J 


exp  ( )  dt 


(2-39) 


How  let 


y i  +  V2 


*0 


2  exp  ( -t2 )  dt 


(2-40) 
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ana  using  the  Hastings  approximation  from  Equations  2-33  and  2-34. 


(2-41) 


(2-42) 


The  approximation  used  in  Function  DFN  to  implement  Equation  2-42 
uses  the  equivalent  equation: 


(2-43) 


where 

bx  *  ai/21/2  =  0.0498673469 
b2  -  a2/22/2  *  0.0211410061 
b3  *  33/23/2  «  0.0032776263 
b4  *  a4/2*/2  *  0.0000380036 
b5  «  a5/25/2  «  0.0000488906 
b6  ■  a6/2^/2  «  0.000005383 

This  approximation  Cor  function,  F,  is  used  Cor  both  terms  in  Equa¬ 
tion  2-37  and  also  Cor  the  probability  of  hit  along  the  Z-axis,  so 
Equation  2-32  is  evaluated  in  Function  PHIT  using  the  equation: 
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H 


rP  1 +  V2  \ 

rP1  '  V2  \ 

v  °y  / 

\  °y  ) 

(2-44) 


Fk  Computations 

Component  Pk's  are  determined  by  the  total  amount  of  energy 
accumulated  on  the  component.  On  Card  15  of  the  input  data  deck, 
the  user  must  specify  component  Pk  at  ten  levels  of  accumulated 
energy  for  every  component.  Once  the  accumulated  energy  is  known, 
component  Pk  is  computed  by  linear  interpolation  of  the  component 
Pk  values  for  the  accumulated  energy  level. 


The  last  set  of  cards  in  the  input  data  deck  (Card  17)  is 
used  to  define  as  many  as  three  aircraft  fault  tree  structures. 
These  structures  are  used  to  determine  the  method  for  combining 
component  Pk's  into  total  aircraft  Pk's  for  each  kill  category, 
possibly  utilizing  several  levels  of  subgroups.  Subroutine  FALTRE 
is  used  to  interpret  the  fault  tree  structures  stored  in  array  MUL 
and  compute  Pk's  for  each  group  by  properly  combining  Pk's  for  the 
subgroups.  The  mathematical  technique  for  computing  a  total  air¬ 
craft  Pk  using  a  fault  tree  description  is  discussed  in  the  text 
that  follows  using  an  example  fault  tree  with  two  intermediate 
levels.  In  this  discussion  the  word,  subgroup,  refers  to  a  set  of 
components;  and  the  word,  group,  refers  to  a  set  of  subgroups. 


Referring  to  Figure  2-9,  a  target  is  illustrated  in  space  as 
a  symbolic  shape.  The  most  elemental  building  block  of  the  target 
is  a  component,  of  which  six  appear  in  the  example.  Combinations 
of  components  form  subgroups,  three  of  which  are  presented  in  the 
example.  Subgroups  are  combined  into  groups,  there  being  two 
groups  in  the  displayed  target.  A  fault  tree  diagram  of  the  same 
target  is  shown  in  Figure  2-10.  The  analogy  between  Figure  2-9 
and  the  appearance  of  a  political  map  is  directly  applicable.  For 
example,  if  Sven  Forkbeard  asks  his  field  marshal,  "What  happens 
to  Targetsland  if  we  take  Essthree  County?",  the  field  marshal 
must  answer,  " I  am  told  by  my  spies  that  we  can  control  the  State, 
Geetwo,  depending  upon  the  momentary  defenses  of  Esstwo  County." 
The  vulnerability  of  a  group  must  therefore  be  described  by  how 
many  of  its  subgroups  must  be  killed  in  order  to  kill  the  group 
containing  them. 
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Components:  Cl,  C2,  C3,  C4,  C5,  C6  — - - Component  Boundary 

Subgroups:  Si,  S2r  S3  ^  ^  iubgroup  Boundary 

Groups:  Gl,  G2  Group  Boundary 

Figure  2-9.  Construction  of  a  Target  with  Redundant  Subgroups. 
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Figure  2-10.  Fault  Tree  for  the  Target  in  Figure  2-9 
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In  order  to  completely  a^scribe  the  vulnerability  of  a 
target,  the  following  definitions  are  made: 

NcompSj  «  number  of  components  in  the  jth  subgroup 

hsubfc  *  number  of  subgroups  constituting  the  kth  group 

Ngroup  *  number  of  groups  into  which  the  entire  target  is 
d  iv  ided 

Nreqfc  *  number  of  subgroups  required  to  be  killed  in  the 
kth  group  in  order  to  score  a  kill  for  the  entire 
group 

In  this  example,  each  subgroup  is  a  singly  vulnerable  collec¬ 
tion  of  components  and  computation  of  a  subgroups's  kill  probabil¬ 
ity  makes  use  of  Equation  2-45: 

Ncornps^ 

PkSj  *  1  -  n  (l  -  Pkci)  (2-45) 

where 


PkSj  «  kill  probability  for  subgroup  j 
Pkc^  *  kill  probability  for  component  i 

Similarly  the  total  target  in  this  example  is  a  singly  vul¬ 
nerable  collection  of  groups,  and  the  total  target  kill  probabil¬ 
ity  is  computed  with  a  similar  equation 

Ngroup 

pk  «  1  -  n  (1  -  Pkgn)  (2-46) 

n=*l 

where 


Pk  »  probability  of  kill  for  the  total  target 
Pkgn  *  kill  probability  for  group  n 

Mathematical  statements  like  Equations  2-45  and  2-46  are 
evaluated  in  Subroutine  FALTRE  to  determine  the  Pk  for  any  group 
of  singly  vulnerable  subgroups. 

In  this  example,  group  G2  contains  redundant  or  parallel  sub¬ 
groups,  and  its  probability  of  kill  depends  on  the  number  of  sub¬ 
group  kills  required  to  cause  failure  of  the  entire  group.  The 
following  paragraphs  are  used  to  describe  the  method  used  to  com¬ 
pute  Pk's  for  parallel  or  redundant  subgroups. 
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Each  subgroup  is  assumed  to  exist  in  only  a  kill  or  survive 
state.  The  probabilities  for  each  state  are: 

Pksn  «  probability  that  the  nth  subgroup  is  killed 
(1  -  Pksn)  *  probability  that  the  nth  subgroup  survives 

In  a  probability  sample  space,  the  probability  content  of  the 
total  area  of  the  space  is  unity,  i.e.  the  probability  of  all  pos¬ 
sible  events  occurring  is  one.  Figure  2-11  is  a  graphical  repre¬ 
sentation  of  the  probability  space  for  a  group  of  two  subgroups. 
The  areas  constituting  Figure  2-11,  numbered  1  through  4,  repre¬ 
sent  all  combinations  of  events  in  the  sample  space  defined  by  two 
subgroups  with  two  possible  states.  Let  us  now  apply  a  condi¬ 
tional  constraint  upon  the  events,  specifying  interest  in  accoun¬ 
ting  for  only  those  events  where  at  least  one  subgroup  is  killed. 
For  the  example,  the  probability  becomes  the  sum  of  the  areas  2, 

3,  and  4 

P  (one  kill)  =  P(Y)  +  P(T}  +  p(4)  (2-47) 


Figure  2-11.  Probability  Space  of  Two  Subgroups. 


2-29 


JTCG/AS-81-S-004 


or,  substituting  the  appropriate  survival  and  kill  probabilities 
for  the  summed  terms  of  Equation  2-47, 

f  (one  kill)  =  (Pks1)  (1-Pks2)  +  (1-Pksi)  (PkS2)  +  (Pksi)(Pks2)  (2-48 
Let : 

P(Nreq^)  =  probability  of  group  kill,  given  that  at  least 
Nreqk  subgroups  must  be  killed 

As  in  the  preceding  example,  the  probability  of  a  group  kill, 
P(Nreqk)  »  is  computed  as  the  sum  of  the  exclusive  event  probabil¬ 
ities,  for  all  events  satisfying  the  specified  outcome,  i.e.  at 
least  Ureq^  subgroup  kills.  This  sum  can  be  implemented  by  intro¬ 
ducing  a  binary  number  with  hsub^  binary  digits  and  a  function, 
Bn(j),  to  select  one  of  these  bits. 

Def  ine 

Bn(j)  =  binary  bit  of  order  n  in  the  binary  number  represent¬ 
ing  (j-1),  for  example  Bi(6)  is  the  first  order  bit 
of  the  binary  number  representing  5  i.e.  the  right- 
hand  digit  of  0101  (bits  are  numbered  from  right  to 
left)  . 

how  define 

Fn(j)  =  pksn»  hhe  kill  probability  of  the  nth  subgroup  if 
EnU>*l 

-  (1-Pksn)  ,  the  survival  probability  of  the  nth 
subgroup  if  Bntj)*0 

For  an  exclusive  event,  Aj ,  in  the  sample  space  of  all  combina¬ 
tions  of  subgroup  kills  and  survivals,  the  probability  of  the 
event  can  be  computed  using  the  expression: 

Ngubk 

P(Aj)  “I~[  Fn(j)  (2-49) 

n=l 

where 

Aj  ■  one  exclusive  event  consisting  of  a  unique  combina¬ 
tion  r  f.  kills  and  survivals  for  subgroups 
1,2,.  subk 
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F(Aj)  *  probability  of  event  Aj 

Since  only  two  states,  kill  or  survive,  are  allowed  for  each  sub¬ 
group,  the  number  of  possible  combinations  of  subgroup  states  in 
the  sample  space  can  be  computed  using 

h  «  2Nsut>k  (2-50) 

where 

h  *  total  number  of  possible  combinations  of  subgroup 
states  in  the  sample  space. 

Ine  sum  of  all  events  in  the  sample  space  is  one. 


M 

1  P  (Aj )  (2-51) 

j=l 


jNsub^ 

Nsubk 

■z 

j-1 

n  FnO» 

n=l 

(2-S2) 

By  introducing  another  term  to  include  only  the  desired  events 
from  the  sample  space,  the  group  kill  probability  can  be  computed: 

jNsub^  Nsul>k 

P(Nreqk)  I(j)|~|  Fn<:i)  (2-53) 

j=l  n=l 

where 

I(j)  a  1  if  at  least  Nreqk  terms  of  the  product,  nFn(j),  are 

Nsubk 

kill  probabilities;  i.e.  if  l  Bn(j)>Nreqk 

n=l 

*  0  if  at  least  1  +  Nsubfc  -  Nreqk  terms  of  the  product 
nFn(j)  are  survival  probabilities;  i.e.  if 
Nsubk 

E  Bn(j)<Nreqk 

n=l 

Equation  2-53  is  the  formulation  mechanized  in  Subroutine  MVHART. 
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LIST  OF  ABBREVIATIONS  AND  SYMBOLS 

This  subsection  contains  a  complete  iist  of  symbols  used  in 
the  Mathematical  Model.  The  list  is  arranged  alphabetically  with 
capital  letters  preceding  lower  case  letters  and  Greek  letters  at 
the  end.  The  list  is  divided  into  four  columns  with  the  symbols 
printed  in  the  le  ;  column  and  their  definitions  printed  in  the 
third  column.  If  a  mathematical  symbol  has  an  equivalent  FORTRAN 
variable  name  in  the  program  source  code,  the  FORTRAN  name  is 
printed  in  the  second  column.  The  fourth  column  is  used  to 
indicate  the  units  of  the  value  for  the  symbol  when  any  apply. 


JTCG/AS-81-S-004 


LIST  OF  ABBREVIATIONS  AND  SYMBOLS 
(MATHEMATICAL  MODEL) 


Abbreviation 
or  symbol 

N 

Equivalent  in 
Simulation 
Model 

Definition 

One  exclusive  event 
consisting  of  a  unique 
combination  of  kills 
and  survivals  for  sub¬ 
groups  1 , 2  , .  •  •  Nsuby,  * 

1  *  j  <  2  Nsubk 

Units 

ND* 

Ala 

aimaz 

Azimuth  look-angle  of  radians 
the  line  from  the  laser 
to  the  aim  point;  0.0  <_ 

Ala  i  2" 

Alc 

COMPZA 

Azimuth  look-angle  of  radians 
the  line  from  the  laser 
to  the  component;  0.0  < 

Alc  i  2" 

Az 

— 

Azimuth  angle  of  the  radians 

line  from  the  weapon  to 
the  target  in  the  Gener¬ 
al  Coordinate  System 

Az' 

AZDOT 

Azimuth  slew  rate  of 
the  laser  weapon 

radians/ 

second 

al 

— 

Constant  used  in  the 
Hastings  approximation; 
=0.0705230784 

ND 

a2 

— 

Constant  used  in  the 
Hastings  approximation; 
=0. 0422820123 

ND 

a3 

— 

Constant  used  in  the 
Hastings  approximation 
-0.0092705272 

ND 

• 

9 

a4 

— 

Constant  used  in  the 
Hastings  approximation 
=0.0001520143 

ND 

« 

9 

* Nond imen s ion a 1 
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LIST  OF  ABBREVIATIONS  AND  SYMBOLS 
(MATHEMATICAL  MODEL) 


,  .  ...  Equivalent  in 

Abbreviation  simulation  Definition 

or  symbol  Mode, 

a  Constant  used  in  the 

5  Hastings  approximation; 

-0.0002765672 

a  Constant  used  in  the 

6  Hastings  approximation; 

=0.0000430638 


The  binary  bit  of  order 
n  in  the  binary  number 
representing  (j-1) »  for 
example  B]_(6)  is  the 
first  order  bit  of  the 
binary  number  represent¬ 
ing  5  i.e.  the  right 
hand  bit  of  0101  (Bits 
are  numbered  from  right 
to  left) 

Constant  used  in  the 
modified  Hastings 
approximation ; 
=0.0498673469 


Constant  used  in  the 
modified  Hastings 
approximation 
=0.0211410061 


Constant  used  in  the 
modified  Hastings 
appr oximat ion ; 
=0.0032776263 


Constant  used  in  the 
modified  Hastings 
approximation ; 
=0.0000380036 


Constant  used  in  the 
modified  Hastings 
approx imat ion ; 
-0.0000488906 


Units 

ND 

HD 

ND 

ND 

ND 

ND 

ND 

ND 


2-34 


JTCG/AS-81  -S-004 


LIST  OF  ABBREVIATIONS  AND  SYMBOLS 
/MftTurMATTf At  MODEL) 


Abbreviation 
or  symbol 

b6 

Equivalent  In 
Simulation 
Model 

Definition 

Constant  used  in  the 
modified  Hastings 
approximation; 

-0.000005383 

Units 

HD 

Ca 

COMP ( I « ICOMP ) 
1 , 2 , 3 

, Vector  locating  the  meters 

component  in  the  Air¬ 
craft  Coordinate  System 

cx 

D(l) 

x-component  of  the 
vector  from  the  laser 
location  to  the  compo¬ 
nent  in  the  Aircraft 
Coordinate  System 

meters 

cy 

D  (2) 

y-component  of  the 
vector  from  the  laser 
location  to  the  compo¬ 
nent  in  the  Aircraft 
Coordinate  System 

meters 

c* 

D{3) 

z-component  of  the 
vector  from  the  laser 
location  to  the  compo¬ 
nent  in  the  Aircraft 
Coordinate  System 

meters 

D 

— 

Dive  transformation 
matrix 

ND 

E1 

— 

Elevation  angle  of  the  radian 
line  from  the  weapon 
to  the  target 

El‘ 

ELDOT 

Elevation  slew  rate 
for  the  laser  weapon 

radians/ 

second 

Ela 

AIMEL 

Elevation  look-angle  radians 

of  the  line  from  the 
laser  to  the  aim  point 
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LIST  OF  ABBREVIATIONS  AND  SYMBOLS 
(MATHEMATICAL  MODEL) 


.  Fquivalent  in  „ 

Abbreviation  simulation  Definition  Units 


or  symbol 

Elo 

J  1  1ITVJ  1  VW  1  VM 

Model 

COMPEL 

Elevation  look-angle  radians 

of  the  line  from  the 
laser  to  the  component 

F„(j) 

PKM(N) 

Pksn*  the  kill  probabil-  ND 
ity  of  the  nth  subgroup 
if*Bn(j)-l;  otherwise 
(1-Pksn) ,  the  survival 
probability  of  the  nth 
subgroup  if  Bn(J)=0 

Gca 

Vector  from  the  laser  meters 
location  to  the  compo¬ 
nent  in  the  Aircraft 

Coordinate  System  with 
vector  components  (cx 

Cy ,  c2) 

Gta 

— 

Vector  in  the  Aircraft  meters 
Coordinate  System  equi¬ 
valent  to  Gtg 

Gtg 

GUNTAR(I)  , 
Ial f2  »3 

Vector  from  the  laser  meters 
location  to  the  target 
center  in  the  General 
Coordinate  System 

gy 

— 

Width  of  the  component  radians 
presented  area 

% 

— 

Height  of  the  compo-  radians 

nent  presented  area 

H 

— 

Heading  transformation  ND 

matrix 
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LIST  OF  ABBREVIATIONS  AND  SYMBOLS 
(MATHEMATICAL  MODEL) 


Abbreviation 
or  symbol 

Equivalent  in 
Simulation 
Model 

Definition 

Units 

Mj) 

=1  if  at  least  Nreqk 

terms  of  the  product, 
HFn(j) »  are  kill  prob¬ 
abilities,  i.e.  if 
Nsubk 

ND 

£  Bn(j)>Nreqk 
n=l 

=0  if  at  least  1+Nsubk- 
Nreqfc  terms  of  the 
product,  ITFn(j),  are 
survival  probabili¬ 
ties,  i.e.  if 

Nsubk 

E  Bn(j)<Nreqk 
n=l 

M 

Number  of  possible  com¬ 
binations  of  subgroup 
states  in  the  sample 
space ;  M-2NsVkk 

ND 

Ncomps^ 

LSYS 

Number  of  components  in 
the  jth  subgroup 

ND 

Ngroup 

LSYS 

Number  of  groups  into 
which  the  entire  target 
is  divided 

ND 

Nreqk 

LREQ 

Number  of  subgroups  re¬ 
quired  to  be  killed  in 
the  kth  group  in  order 
to  score  a  kill  for  the 
entire  group 

ND 

Nsub^ 

LSYS 

Number  of  subroups  con¬ 
stituting  the  kth  group 

ND 

P(Aj) 

— 

Probability  of  event 

ND 
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LIST  OF  ABBREVIATIONS  AND  SYMBOLS 
(MATHEMATICAL  MODEL) 


Abbreviation 
or  symbol 

PH 

Equivalent  in 
Simulation 
Model 

PHIT 

Definition 

Probability  of  hitting 
a  rectangular  component 
offset  from  the  aim 
point 

Units 

ND 

PKy 

PHITY 

Probability  of  hit 
within  the  y  directional 
limits  of  the  component 
presented  area 

ND 

Pk 

— 

Probability  of  kill  for 
the  total  target 

ND 

Pkc^ 

— 

Kill  probability  for 
component  i 

ND 

Pk*n 

— 

Kill  probability  for 
group  n 

ND 

Pks  j 

— 

Kill  probability  for 
subgroup  j 

ND 

P(Nreqk) 

Probability  of  group 
kill,  given  that  at 
least  Nreqfc  subgroups 
must  be  killed 

ND 

P(one  kill) 

Probability  of  at  least 
one  kill  in  a  group  con¬ 
sisting  of  two  subgroups 

ND 

P(yi+^Z) 

q 

Integral  of  the  normal 
probability  density 
function  evaluated  from 
-»  to  (yi+gy/2) 

ND 

p(yi"^ 

Integral  of  the  normal 
probability  density 
function  evaluated  from 
-co  to  (yi-gy/2) 

ND 

R 

— 

Roll  transformation 
matrix 

ND 
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LIST  OF  ABBREVIATIONS  AND  SYMBOLS 
(MATHEMATICAL  MODEL) 


Abbreviation 
or  symbol 


Equivalent  in 
Simulation 
Model 
s 


Definition 

Fraction  of  the  distance 
between  the  smoke  cor¬ 
ridor  first  and  second 
end  points  at  which  the 
point  of  intersection 
with  the  laser  to  air¬ 
craft  vector  lies 


sw  -  Fraction  of  the  horizon¬ 

tal  distance  between  the 
laser  and  aircraft  at 
which  the  point  of  inter 
section  with  the  smoke 
corridor  lies 


T 


'xf 


xg 


v 


zf 


TRANS  Transformation  matrix 

between  two  coordinate 
systems ;  product  of 
heading,  dive,  and  roll 
transformation  matrices 

-  x-component  of  a  vector 

in  the  Flight  Path 
Coordinate  System 

-  x-component  of  a  vector 

in  the  General  Coordi¬ 
nate  System  equivalent 
(vXf r  Vyf,  V2f) 

—  y- component  of  a  vector 

in  the  Flight  Path 
Coordinate  System 

-  y-component  of  a  vector 

in  the  General  Coordi¬ 
nate  System  equivalent 
tO  <Vxf,  Vyf,  vxf) 

-  z -component  of  a  vector 

in  the  Flight  Path 
Coordinate  System 


Units 

ND 


ND 


ND 


ND 

ND 

ND 

ND 

ND 
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LIST  OF  ABBREVIATIONS  AND  SYMBOLS 
(MATHEMATICAL  MODEL) 


Abbreviation 
or  symbol 

Tzq 


Fquivalent  in 
Simulation 
Model 


TARGET (1) 


XIN 


‘fr 


XFP 


gr 


OTAPE (2,1) 


XG 


si 


ls2 


XY  (1) 


SMOKX(l) 


SMOKX ( 2 ) 


Definition  Units 

z-component  of  a  vector  ND 
in  the  General  Coordi¬ 
nate  System  equivalent 
to  (vxf ,  vyf ,  v2f) 

x-coordinate  of  the  meters 

aircraft  location  in 
the  General  Coordinate 
System 

x-coordinate  of  the  meters 

aircraft  location  in 
the  Flight  Path  Coordi¬ 
nate  System 

x-coordinate  of  the  re-  meters 
ference  point  in  the 
Flight  Path  Coordinate 
System 

x-coordinate  of  the  lo-  meters 
cation  in  the  General 
Coordinate  System  equi¬ 
valent  to  (Xf,  yf,  zf) 

x-coordinate  of  the  re-  meters 
ference  point  in  the 
General  Coordinate 
System 

x-coordinate  of  the  meters 

point  of  intersection  of 
the  smoke  corridor  and 
weapon-to-aircraft  line 

x-coordinate  of  the  meters 

smoke  corridor  first 
end  point 

x-coordinate  of  the  meters 

smoke  corridor  second 
end  point 
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Abbreviation 
or  symbol 

xw 

(x,y,z) 

(x* ,y '  # z ’ ) 

(x,y,z) , 
(x#y,z) 2 

(x,y, z) 3 

(x,y , z) 4 

ya 


LIST  OF  ABBREVIATIONS  AND  SYMBOLS 
(MATHEMATICAL  MODEL) 


Equivalent  in 

Simulation  Definition  Units 

Model 

GUN ( 1 )  x-coordinate  of  the  meters 

weapon  location  in  the 
General  Coordinate 
System 


GUNTAR  Vector  from  the  laser  meters 

location  to  the  target 
in  the  General  Coordi¬ 
nate  System 


( TXDOT , TYDOT ,  Rate  of  change  in  the  meters/ 
TZDOT)  aircraft  position  vec-  second 

torj  the  aircraft  velo¬ 
city  vector 

-  Vector  in  the  coordinate  ND 

system  with  axes  Xi,  Yi, 
and  Zi 

-  Vector  in  the  coordinate  ND 

system  with  axes  X2#  Y2, 
and  Z2#  equivalent  to 
(x,y,z)i 

-  Vector  in  the  coordinate  ND 

system  with  axes  X3,  Y3, 
and  Z3;  equivalent  to 
(x,y , z) 2 

-  Vector  in  the  coordinate  ND 

system  with  axes  X4 ,  Y4, 
and  Z4;  equivalent  to 
(x,y , z) 3 

TARGET (2)  y-coordin&te  of  the  meters 

aircraft  location  in 
the  General  Coordinate 
System 
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LIST  OF  ABBREVIATIONS  AND  SYMBOLS 
(MATHEMATICAL  MODEL) 


Abbreviation 
or  symbol 


Equivalent  in 
Simulation 
Model 

YIN 


fr 


rgr 


y8i 


s2 


‘w 


YFP 


OTAPE (3,1) 


YG 


XY  (2) 


SMOKY (1) 


SMOKY (2) 


GUN ( 2 ) 


COMPE ( 2 ) 


Definition  Units 

y-coordinate  of  the  meters 

aircraft  location  in 
the  Flight  Path  Coordi¬ 
nate  System 

y-coordinate  of  the  re-  meters 
ference  point  in  the 
Flight  Path  Coordinate 
System 

y-coordinate  of  the  lo-  meters 
cation  in  the  General 
Coordinate  System  equi¬ 
valent  to  (xf,  yf,  Zf) 

y-coordinate  of  the  re-  meters 
ference  point  in  the  Gen¬ 
eral  Coordinate  System 

y-coordinate  of  the  meters 
point  of  intersection  of 
the  smoke  corridor  and 
weapon-to-aircraft  line 

y-coordinate  of  the  meters 
smoke  corridor  first 
end  point 

y-coordinate  of  the  meters 
smoke  corridor  second 
end  point 

y-coordinate  of  the  wea-  meters 
pon  location  in  the  Gen¬ 
eral  Coordinate  System 

y-coordinate  of  the  radians 
component  centroid  in 
the  Encounter  Coordinate 
System,  measured  in 
radians  from  the  laser 
location 
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LIST  OF  ABBREVIATIONS  AND  SYMBOLS 
(MATHEMATICAL  MODEL) 


Abbreviation 
or  symbol 

zf 


Equivalent  in 
Simulation 
Model 

OT APE (4,1) 


Definition  Units 

2-coordinate  of  the  meters 

aircraft  location  in 
the  Flight  Path  Coordi¬ 
nate  System 


OTAPE (4,1)  z-coordinate  of  the  lo-  meters 
cation  in  the  General 
Coordinate  System  equi¬ 
valent  to  (xf,  yf,  zf) 


ZG 


z-coordinate  of  the  re-  meters 
ference  point  in  the 
General  Coordinate 
System 


z,  COMPE ( 3 )  z-coordinate  of  the  radians 

component  centroid  in 
the  Encounter  Coordinate 
System  measured  in  radi¬ 
ans  from  the  laser 
location 


6  -  Rotation  angle  for  the  radians 

XZ-plane  after  rotation 
through  ¥,  when  convert¬ 
ing  from  the  Aircraft 
to  the  Encounter  Coordi¬ 
nate  Systems 

tt  -  3.14159265  radians 


a  SIGMA (IAIM, 1)  Standard  deviation  of  radians 

^  the  error  in  locating 

and  tracking  the  aim 
point  in  the  direction 
of  the  Y-axis  of  the 
Encounter  Coordinate 
System 
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LIST  OF  ABBREVIATIONS  AND  SYMBOLS 
(MATHEMATICAL  MODEL) 


Abbreviation 
or  symbol 


az 


Equivalent  In 
Simulation 
Model 

SIGMA  (I AM,  2) 


IV 


YJITTR 


1* 


ZJITTF 


SIGY 


SIGZ 


4>(x) 


* 


Definition  Units 

Standard  deviation  of  radians 

the  error  in  locating 

and  tracking  the  aim 

point  in  the  direction 

of  the  Z-axis  of  the 

Encounter  Coordinate 

System 

Standard  deviation  due  radians 
to  jitter  of  the  beam 
in  the  direction  of  the 
Y-axis  of  the  Encounter 
Coordinate  System 

Standard  deviation  due  radians 
to  jitter  of  the  beam  in 
the  direction  of  the  z- 
axis  of  the  Encounter 
Coordinate  System 

Total  standard  devia-  radians 
tion  in  the  direction 
of  the  Y-axis  of  the 
Encounter  Coordinate 
System 

Total  standard  devia-  radians 
tion  in  the  direction 
of  the  Z-axis  of  the 
Encounter  Coordinate 
System 

Integral  evaluated  by  ND 

the  Hastings  approxima¬ 
tion 

Rotation  angle  for  the  radians 
XY-plane  in  a  transfor¬ 
mation  between  coordi¬ 
nate  systems 
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LIST  OF  ABBREVIATIONS  AND  SYMBOLS 
(MATHEMATICAL  MODEL) 


Abbreviation 
or  symbol 


Equivalent  In 
Simulation 
Model 


Definition 


Units 


4*,  OTAPE  (13,1)  Aircraft  heading  angle  radians 

in  the  Flight  Path  Coor¬ 
dinate  System 


4»,  PSI  Rotation  angle  from  the  radians 

X-axis  of  the  Flight 
Path  Coordinate  System 
to  the  X-axis  of  the 
General  Coordinate  Sys¬ 
tem  (a  positive  rotation 
is  counterclockwise  when 
viewed  from  above;  i.e. 
the  positive  Z-axis) 


1 
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SECTION  III 
INPUT 

There  are  two  input  files  required  when  executing  the  ASALT-I 
Model.  The  first  input  file,  called  the  data  deck,  is  read  from 
Logical  Unit  #5  and  consists  of  formatted  records  or  cards.  The 
second  input  file,  read  from  Logical  Unit  #lu,  contains  the  air¬ 
craft  flight  path  data  on  a  binary  tape  generated  by  executing  the 
Engagement  Model.  This  section  is  used  to  describe  these  input 
files  by  presenting  the  order  of  the  records  on  both  files,  and 
listing  definitions  for  all  input  parameters.  This  information  is 
primarily  in  tabular  form  so  that  this  section  may  be  used  fre¬ 
quently  as  a  quick  reference  source  while  preparing  the  program 
input. 


FILE  5  -  INPUT  DATA  DECK 

The  input  data  deck  consists  of  17  different  card  types 
arranged  in  the  order  shown  in  Figure  3-1.  Following  the  figure, 
a  set  of  data  card  description  forms  is  used  to  present  the  de¬ 
tails  of  each  card  type  including  parameter  definitions,  formats, 
units,  and  locations  of  each  field  on  the  card.  The  card  contents 
and  card  ID  number  printed  on  the  top  rows  of  each  data  card  de¬ 
scription  form  correspond  to  a  card  contents  and  ID  number  in 
Figure  3-1.  The  columns  of  each  data  card  description  form  are 
used  to  list  the  units,  definition,  format,  and  card  column  loca¬ 
tion  for  each  input  parameter.  Cards  1  through  10  are  read  during 
execution  of  Subroutine  READY  and  contain  parameters  which 
describe  the  laser  characteristics  or  select  various  program 
options.  Cards  11  through  17  contain  parameters  describing  the 
target  aircraft  and  are  read  during  execution  of  Subroutines  ACIN 
and  MVINPT. 

The  components  of  the  aircraft  can  be  arranged  in  a  variety 
of  fault  tree  structures  by  the  parameters  on  the  final  group  of 
cards,  which  use  the  Card  17  format.  These  cards  contain  alpha¬ 
numeric  data  which  are  read  and  interpreted  by  executing  Subrou¬ 
tine  MVINPT,  and  enable  a  user  of  the  ASALT  program  to  use  an 
English-like  description  to  define  fault  trees  for  as  many  as 
three  aircraft  kill  categories.  Subroutine  EKOMUL  is  executed 
after  Subroutine  MVINFT  to  print  the  fault  trees  as  part  of  the 
program  output 
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Figure  3-1.  Data  Deck  Setup. 


JTCG/AS-8 1  -S-004 


CARD  ID  NUMBER 


CARD  CONTENTS:  Time  Step  and  Line  Printer  Control 


WORD  VARIABLE 


TDELT 


2  IPRINT 


3  LINLIM 


UNITS  DEFINITION 


seconds  Time  interval  be¬ 
tween  each  itera¬ 
tion  of  the  progra 
computations 

1  Number  of  time 
intervals  (equal 
to  TDELT)  between 
each  line  of  line 
printer  output; 
if  IPRINT=0,  only 
the  final  deunage 
summary  is  printed 

Number  of  lines 
printed  on  each 
line  printer  page; 
a  heading  is 
printed  at  the  top 
of  each  new  line 
printer  page  by 
counting  lines  of 
output  and  compar¬ 
ing  with  this 
number 


FORMAT 


E8.0 


COLUMN 


9-16 


17-24 
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CARD  ID  NUMBER! 

•  2 

CARD  CONTENTS: 

Weapon  Location  &  Coordinate  Systems  Reference 
Point 

ORD  VARIABLE  UNITS 


1  GUN ( 1 )  (meters 

2  GUN (2)  meters 

3  GUN (3)  meters 


DEFINITION 


4  XFP 


5  YFP 


6  XG 


7  YG 


8  ZG 


meters 


meters 


meters 


meters 


meters 


NOTE:  The  reference  poin 


FORMAT 

COLUMN 

E8. 0 

1-8 

E8.0 

9-16 

E8.0 

17-24 

i 

© 

• 

00 

W 

25-32 

E8.0 

33-40 

E8.0 

41-48 

E8.0 

49-56 

E8.0 

57-64 

i  equal  to 

0.0  in 

JTCG/AS-8 1  -S-004 


3-5 


JTCG/AS-81-S-004 


xu  w  *  -r  — 

CARD  CONTENTS:  Flux  Emission  &  Atmospheric  Attenuation  Array 

Sizes  - 


NATN 


Number  of  elements 
in  the  laser  flux 
emission  array, 
read  from  Card  4; 
1<NFLUX<10 

Number  of  elements 
in  the  atmospheric 
attenuation  factor 
array,  read  from 
Card  8;  1<NATN<10 


FORMAT 
18 


18 


COLUMN 
1-8 


9-16 


JTCG/AS-8 1  -S-004 


CARD  ID  NUMBER 


CARD  CONTENTS:  Laser  Flux  Emission  Rates 


VARIABLE 


UNITS 


DEFINITION 


FORMAT 


COLUMN 


FLUX (1) 


FLUX (2) 


FLUX  (3) 


watts/ 
cm  ^ 


watts/ 

2 

cm 


watts/ 

2 

cm 


Rate  of  laser  flux  E8.0 
emission  from  time 
0.0  to  time 
FLTIME (1) 

Rate  of  laser  flux  E8.0 
emission  at  time 
FLTIME (2) 

Rate  of  laser  flux  E8.0 
emission  at  time 
FLTIME  l  3) 


9-16 


17-24 


FLUX (NFLUX)  watts/ 

_ 2 


Rate  of  laser  flux 
emission  at  time 
FLTIME (NFLUX)  and 
at  all  times  great* 
than  that 


E8.0 


NOTE:  Laser  fluk  emission  rate  is  linearly  interpolated  at 
times  between  two  FLTIME  array  entries. 


JTCG/AS-81-&004 


CARD  ID  NUMBER:  5 


CARD  CONTENTS:  Time  Arguments  for  Laser  Flux  Emission  Rates 


WORD  VARIABLE 


UNITS 


DEFINITION 


FORMAT 


COLUMN 


FLTIME (1)  seconds  Time  corresponding 

to  laser  flux  emis¬ 
sion  rate  FLUX(l) 
NOTE:  If  NFLUX=1, 

FLTIME (1)  must  be 
greater  than  all 
times  in  the  air¬ 
craft  flight  path 
file 


E8. 0 


2  FLTIME (2) 


seconds  Time  corresponding 
to  laser  flux  emis¬ 
sion  rate  FLUX (2) 


E8.0 


9-16 


FLTIME (NFLUX)  seconds  Time  corresponding 

to  laser  flux  emis¬ 
sion  rate 
FLUX (NFLUX) 


E8.0 


CARD  ID  NUMBER:  6 


;TCG/AS-3I-SM»4 


WORD 


(CARD  ID  NUMBER:  7 


CARD  CONTENTS:  Tracking  Rate  Limits  6  Prefire  Track  Time 


VARIABLE 


SLEWAZ 


SLEWEL 


TRKTIM 


UNITS 


DEFINITION 


degrees/Maximum  azimuth 
second  {slewing  rate  for 
the  laser  weapon 


degrees, 

second 


seconds 


/{Maximum  elevation 
slewing  rate  for 
the  laser  weapon 

Prefire  track  time,] 
minimum  tracking 
time  necessary  be¬ 
fore  the  laser  can 
fire 


FORMAT 


E8.0 


E8.0 


E3.0 


COLUMN 


1-8 


9-16 


17-24 


'1 


JTCO/AS-8 1  •  S-004 


CARD  ID  NUMBER:  8 

CARD  CONTENTS:  Beam  Atmospheric  Attenuation  Factors 


WORD 


VARIABLE 


UNITS 


DEFINITION 


FORMAT 


1 


ATTEN(l) 


Beam  attenuation 
factor  due  to  pro¬ 
pagation  through 
the  atmosphere  at 
range  RATTEN  (1)  anc 
at  all  ranges  less 
than  RATTEN (1) 


E8.0 


2 


ATTEN ( 2 ) 


Beam  attenuation 
factor  due  to  pro 
pagation  through 
the  atmosphere  at 
range  RATTEN ( 2 ) 


E8.0 


ATTEN (NATN) 


Beam  attenuation 
factor  due  to  pro¬ 
pagation  through 
the  atmosphere  at 
range  RATTEN (NATN) 
and  at  all  ranges 
greater  than 
RATTEN (NATN) 


E8 . 0 


JTCG/AS-8  l-S-004 


CARD  ID  NUMBER: 

9 

CARD  CONTENTS: 

Beam  Atmospheric  Attenuation  Factor  Range 
Arguments 

VARIABLE 


UNITS 


RATTEN (1) 

meters 

RATTEN (2) 

• 

meters 

• 

i 

• 

• 

RATTEN (NATN) 

• 

• 

meters 

DEFINITION 


to  attenuation  fac¬ 
tor  ATTEN{1)  NOTE: 
If  NA1N-1,  RATTEN  (] 
must  be  greater 
than  all  possible 
weapon-to-aircraft 
ranges  for  the  run 


to  attenuation  fac¬ 
tor  ATTEN (2) 


to  attenuation  fac¬ 
tor  ATTEN (NATN) 


FORMAT 


E8.0 


E8.0 


E8.0 


COLUMN 


1-8 


9-16 


CARD  ID  NUMBER:  10 


CARD  CONTENTS:  Smoke  Corridor  End  Points 

WORD 

VARIABLE 

UNITS 

DEFINITION 

FORMAT 

COLUMN 

1 

SMOKX(l) 

meters 

ic-coordinate  in  the 
General  Coordinate 
System  of  the  smoke 
corridor's  first  en 
point 

E8. 0 

1 

1-8 

2 

SMOKY (1) 

meters 

^-coordinate  in  the 
General  Coordinate 
System  of  the  smoke 
corridor's  first 
end  point 

E8.0 

9-16 

3 

SMOKX ( 2 ) 

meters 

({-coordinate  in  the 
General  Coordinate 
System  of  the  smoke 
corridor ' s  second 
end  point 

E&.O 

17-24 

4 

SMOKY (2) 

meters 

^-coordinate  in  the 
Seneral  Coordinate 
System  of  the  smoke 
corridor ' s  second 
end  point 

E8.0 

25-32 

5 

SMATN 

3eam  intensity  at¬ 
tenuation  due  to 
propagation  through 
the  smoke  corridor 

E8.0 

33-40 

NOT 

!:  If  SMOKX  (] 

corridor  i 

)=SMOKX( 
s  modele 

2)  and  SMOKY (l)=SMO 

a. 

CY  ( 2)  thei 

i  no 

JTCG/AS-81-S-004 


CARD  ID  NUMSEF 

f.  11 

CARD  CONTENTS: 

Number  of  Components  and  Aim  Points 

ORD  VARIABLE 


1  SCOMP 

2  JAIMPT 

3  tlTRACE 


UNITS 


DEFINITION 


FORMAT 


umber  of  compo-  18 

ante  in  the  target 
©del;  1 <NCOMP <1 6 0 

umber  of  aim  18 

oints  on  the  tar- 
et;  1  <NAIMPT<10 

ault  tree  trace  18 

ptions 

1,  omit  extra 
output  for 
fault  trees; 

1,  print  extra 
data  used  in 
interpreting 
the  fault 
tree  struetu: 


COLUMN 


1-8 

9-16 

17-24 


■v 


t' r 


?  T* 


JTCG/AS-8I-S-004 


CARD  ID  NUMBER:  12 

jcARD  CONTENTS:  Energy  Arguments  for  the  Component  Pk's 


WORD 

VARIABLE 

UNITS 

DEFINITION 

FORMAT 

COLUMN 

1 

ENERGY ( 1 ) 

kilo¬ 

joules/ 

cm2 

Amount  of  accumu¬ 
lated  energy  neces¬ 
sary  to  cause  kill 
probabilities , 
PKUil),  for  Ith 
component 

E8.0 

1-8 

2 

ENERGY (2) 

kilo¬ 

joules/ 

cm2 

Amount  of  accumu¬ 
lated  energy  neces¬ 
sary  tc  cause  kill 
probabilities , 
PK(2,I) ,  for  Ith 
component 

E8.0 

9-16 

3 

ENERGY (3) 

kilo¬ 

joules/ 

2 

cm 

Amount  of  accumu¬ 
lated  energy  neces¬ 
sary  to  cause  kill 
probabilities , 
PK(3,I),  for  Ith 

E8.0 

17-24 

• 

• 

« 

component 

• 

• 

• 

• 

• 

10 

• 

• 

ENERGY (10) 

* 

• 

kilo¬ 

joules/' 

2 

cm 

• 

Amount  of  accumu¬ 
lated  energy  neces¬ 
sary  to  cause  kill 
probabilities , 

PK (10,1) ,  for  Ith 
component 

* 

E8 . 0 

• 

73-80 

JTCG/AS-81-S-004 


CARD  ID  NUMBEF 

it  13 

CARD  CONTENTS: 

Component  Name  and  Location 

ORD  VARIABLE 


1  NAM (I) 


UNITS 


DEFINITION 


FORMAT 


A8 


COLUMN 


1-8 


E8.0 


9-16 


E8.0 


E8.0 


17-24 


25-32 


JTCG/AS-81-S-004 


CARD  ID  NUMBER:  14 


CARD  CONTENTS:  Component  Presented  Areas  &  Widths  at  Aspects 

1-26 


ORD  VARIABLE 


1  Iap(i,1) 


(1,2) 


UNITS 


DEFINITION 


IDTH (I ,  1 )  meters  Width  of  the  Ith 

component  when 
viewed  from  aspect 
l 


4  WIDTH (1,2)  meters  Width  of  the  Ith 

component  when 
viewed  from  aspect 
2 


FORMAT  I  COLUMN 


meters  Presented  area  of  E8.6 
the  Ith  component 
when  viewed  from 
aspect  1 


E8.0 


meters  Presented  area  of  E8.0 
the  Ith  component 
wnen  viewed  from 
jaspect  2 


E8.0 


9-16 


17-24 


25-32 


(1,26) 


meters 


i  IDTH (1,26)  meters 


Presented  area  of  E8.0 

the  Ith  component 
when  viewed  from 
aspect  26 

Width  of  the  Ith  E8.0 

component  when 
viewed  from  aspect 
26 


NOTH:  1)  See  TabLe  2-1  for  a  definition  of  the  26  aspect  angle 
2)  Six  car  is  in  this  format  are  required  to  enter  26 
presented  areas  and  widths  for  each  component  as 
follows 


JTCG/AS-8 1  -S-004 


CARD  ID  NUMBER! 

14  (concluded) 

CARD  CONTENTS: 

Component  Presented  Areas  &  Widths  at  Aspects 
1-26 

ORD  VARIABLE 


UNITS  DEFINITION 


the  1st  card  contains  da 
the  2nd  card  contains  da 
the  3rd  card  contains  da 
the  4tfli  card  contains  da 
the  5tfi  card  contains  da 
the  6tjh  card  contains  da 


FORMAT  COLUMN 


for  aspects  1-5, 
for  aspects  6-10 
for  aspects  11-1 
for  aspects  16-2 
for  aspects  21-2 
for  aspect  26. 


JTCG/ AS-8 1 -S004 


CARD  ID  NUMBER:  15 


CARD  CONTENTS:  Component  PR's 


WORD 


VARIABLE 


PK(1 , I) 


10 


PK (2,1) 


PK { 3 , I) 


PK (10 , I ) 


UNITS 


DEFINITION 


FORMAT 


COLUMN 


Pk  for  the  Ith  com¬ 
ponent  resulting 
from  accumulated 
energy,  ENERGY ( 1) , 
and  all  lesser 
amounts  of  energy 
accumulation  NOTE: 

In  most  cases  PK(l,|l) 
and  ENERGY (1)  shoulp 
have  values  equal 
to  0.0 

Pk  for  the  Ith  com¬ 
ponent  resulting 
frpm  accumulated 
energy,  ENERGY (2) 

Pk  for  the  Ith  com¬ 
ponent  resulting 
from  accumulated 
energy,  ENERGY (3) 


E8.0 


Pk  for  the  Ith  com¬ 
ponent  resulting 
jfrom  accumulated 
[energy,  ENERGY (10), 
and  all  greater 
amounts  of  energy 
accumulation 


E8.0 


E8.0 


E8.0 


1-8 


9-16 


17-24 


73-80 


JTCG/AS-81-S-004 


CARD  ID  NUMBER:  16 


CARD  CONTENTS:  Aim  Points 


WORD  VARIABLE  UNITS 


DEFINITION 


AIM  (1,1) 

meters 

Ali  .1) 

meters 

AIM (3 ,1) 

meters 

SIGMA(I, 1) 

mils 

SIGMA (I  #  2) 

mils 

AZLIM (1,1) 

degrees 

ate  of 
im  point 
rcraft 
e  System 

nate  of 
aim  point 
ircraft 


z-coora 
the  Ith 
in  the 
Ccordina 


FORMAT 

COLUMN 

E8.0 

1-8 

E8.0 

9-16 

ES.  0 

17-24 

E8.0 

25-32 

E8.0 

33-40 

-  E8 . 0 

41-48 

JTCG/AS-8  i-S-004 


CARD  ID  NUMBER:  16  (Concluded) 


CARD  CONTENTS:  Aim  Points 


WORD  VARIABLE 


UNITS 


DEFINITION 


FORMAT 


COLUMN 


7  I  AZLIM (1 , 2) 


! degrees  |  Second  azimuth 

look-angle  boundar 
of  the  envelope 
for  hitting  the 
Ith  aim  point 


E8.0 


49-56 


8  ELLIM (I , 1 )  degrees 


First  elevation 
look-angle  boundar 
of  the  envelope 
for  hitting  the 
Ith  aim  point 


E8.0 


57-64 


9  ELLIM (1,2) 


degrees  Second  elevation 

look-angle  boundary 
of  the  envelope 
for  hitting  the 
Ith  aim  point 


E8.0 


65-72 


NOTE:  This  card  is  repeated  for  every  aim  ppint 


■■Ul 


JTCG/AS-81-S-004 


CARD  ID  NUMBER; 

:  17 

CARD  CONTENTS: 

Aircraft  Fault  Tree  Structure 

ORD  VARIABLE 


UNITS 


DEFINITION 


FORMAT 


COLUMN 


ICARD(l) 
I CARD (2) 


80  ICARD(80) 


Eighty  alphanumeric 
characters  used  to 
define  a  fault  tree 
structure  for  a 
group  or  subgroup 
in  the  aircraft. 
See  Figure  3-2  and 
Table  3-1  for  a  de¬ 
scription  of  the 
English-like  text 
used  on  these  cards 


m 


n 1 " < :  tm  j|jp! 


JTCG/AS-8 1-S-Q04 


The  order  of  the  cards  in  the  fault  tree  description  section 
of  the  input  deck  is  depicted  in  Figure  3-2.  The  fault  tree  de¬ 
scription  for  each  kill  category  requires  one  Kill  Category  Card, 
followed  by  one  Group  Definition  Card,  followed  by  any  necessary 
Subgroup  Definition  Cards,  and  finally  the  End  Cards.  If  a  user 
wants  to  define  a  second  or  third  fault  tree  for  a  different  kill 
category,  the  same  sequence  of  cards  is  repeated.  The  total  num¬ 
ber  of  kill  categories  must  not  exceed  three.  Finally,  one  Blank 
Card  is  necessary  to  indicate  the  end  of  all  fault  tree  descrip¬ 
tions.  Figure  3-3  is  an  example  listing  of  a  fault  tree  input  de¬ 
scription  for  two  kill  categories.  The  fault  trees  produced  from 
this  input  are  shown  in  Section  IV. 

The  rules  and  examples  in  Table  3-1  are  a  summary  of  the  most 
important  rules  for  assembling  the  fault  tree  descriptions.  Most 
of  the  examples  are  taken  directly  from  the  sample  input  listed  in 
Figure  3-3.  The  left-most  characters  in  these  examples  are  always 
in  column  1  of  the  input  records.  Subroutine  MVIbPT  is  not  cur¬ 
rently  elaborate  enough  to  detect  every  possible  input  error.  The 
best  method  for  a  user  to  validate  the  Aircraft  Fault  Tree  Struc¬ 
ture  input  cards  should  include  both  a  search  for  error  messages 
printed  by  Subroutine  MVINPT,  and  comparing  the  fault  trees 
printed  by  executing  Subroutine  EKOMUL  with  the  fault  trees  the 
user  intended  to  create. 

One  important  difference  between  this  method  of  defining 
fault  trees  and  the  method  used  in  the  COVART  program  is  that  the 
ASALT-I  program  requires  every  component  in  a  fault  tree  to  be 
listed  in  the  fault  tree  description.  If  a  component  is  omitted 
from  a  fault  tree  description,  then  it  is  not  included  in  the 
fault  tree. 
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Table  3-1.  Rules  for  Assembling  the  Fault  Tree  Input 


1.  The  first  card  for  each  kill  category  fault  tree  must  define 
a  kill  category  between  1  and  3  in  column  15  of  the  card. 

Correct  Example 

KILL  CAlfctiUWV  \  1  *1  TWl  I  » 

Incorrect  Example 

n  ILL  CA it  60**1  ( ai r K 1 1  jur  ) 

Incorrect  Example 

*IU  CA16GC  ky  a  (  a  t  t  •«  i  1  it  to 

2.  The  second  card  for  each  kill  category  must  be  a  Group  Defini¬ 
tion  Card.  This  card  contains  the  letter  "G"  in  column  1  or 
the  characters  "*G"  in  columns  1  and  2.  No  other  card  in  the 
kill  category  fault  tree  description  may  be  a  Group  Defini¬ 
tion  Card  . 

Correct  Example 

kill  category  i  Ca r  m  Mi"  y 

*(,  A  f  T  himsFL  T  CMl.OK.AM  tGGis 

*SH  1  CNTLskLEC  LTR.Ai;n.MECM  ClW/c/? 

Incorrect  Example 

Kill.  CATEGORY  i  (ATTKIULM 

•  SELI  CNTLsf.LtC  LT^.AKl.'.R-fCH  LTR/R/? 

*GaTTH‘m  =  EL  »  Cf  Tl  #  OR*  Af  T  LM»N 

3.  The  fault  tree  description  for  each  kill  category  must  con¬ 
clude  with  a  pair  of  End  Cards.  The  characters  "END"  in  col¬ 
umns  1-3  cause  any  card  to  be  interpreted  as  one  of  the  End 
Cards.  The  set  of  End  Cards  may  include  an  optional  card 
between  the  two  End  Cards.  This  optional  card  has  no  effect 
in  the  ASALT-I  program,  but  is  included  to  keep  the  input  de¬ 
scriptions  compatible  with  those  used  for  the  COVART  program. 
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Table  3-1.  Rules  for  Assembling  the  Fault  Tree  Input  (Continued) 


Correct  Example 

*  SUE A PA  1rs=i  ».i-  :o.w  r&  •■■<*/?/? 

Cl  .n 

KNO  t  F  4  T  TH  1  1  irf  Nh’.UIP 

Kill.  C-WKitlKV  ?  IMSSIIjn  Ail.tvl) 


Correct  Example 


•  **»  f  PSsL  <-k  N*  •  Aut*  ,  »  M.N*  /  e  /  e* 

tM) 

|!PTRM»L 

KM.'  C  F  »T  twin  UK  NRUtjP 

KILL  C-Wtlil'RY  ?  (MISSION  A^lhl) 


Incorrect  Example 

*Sr,klvWA  1  nS  =  L  C.FN>  .  a  iW»  •  ,h  (;tnW/<>/? 
fcND  lf  A  11  k]  II  Ilk  I-WOUP 

KILL  CATEGORY  P  (i-ISSIU'J  fflM) 

4.  A  blank  space  in  column  1  of  any  card  in  the  fault  tree  de¬ 
scriptions  causes  the  entire  card  to  be  interpreted  as  the 
Blank  Card  which  indicates  the  end  of  all  fault  tree  input. 
The  set  of  End  Cards  for  the  last  kill  category  fault  tree 
description  must  be  followed  by  the  Blank  Card. 

Corect  Example 

*$l  A 1  IK'S  =  L  4  7  LK  A.AM»„lAl  LK  F  !Z(Z 
EM- 

ENb  CF  t'ISSIOt  AndwT  l, Puli*1 

A  f  J  y  CAPO  .V 1  T  H  A  •ILAI'-K  I »  CulWKu  \  LllL-tl.  HUE  b  4LL  *AlLl  1*1  F 

Incorrect  Example 

*SL  A  T  UK’S  =  LAT  L*  A. AN)., LAI  IK  *  tc/Z 
£M>  (ALL  0 1  Hf  H  CAA'uS  M.'SI  STAR!  If  CClL'^i'  17 
FNU  (F  FISSION  A tuP 1  U»UUP 

ANY  CARO  w  I  1 H  A  ill.  A  i\K  J  W  COLUMN  \  CGnCL'JwFS  41  L  FALLl  1 WK 


I  uRtiT 


lurijl 
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Table  3-1.  Rules  for  Assembling  the  Fault  Tree  Input  (Continued) 


5.  Column  1  of  each  Group  or  Subgroup  Definition  Card  must  con¬ 
tain  an  asterisk  (*)  ,  letter  G,  letter  S,  or  letter  C.  If  an 
asterisk  is  used  in  column  1,  then  either  letter  G,  letter  S, 
or  letter  C  must  appear  in  column  2.  There  is  no  difference 
in  the  ASALT--  program  when  using  the  letters  C  or  S.  Both 
letters  are  allowed  so  that  the  input  is  compatible  with 
COVART  input. 

Correct  Example 

CLTl  .OR. **•  '■  L*G" 

*3H  1  LrtTLSt-UC  CTK.A  LI  H/'dte 

StLfC  CTRstltC  L'jrtAOK.r,M  Gf  t'R 

♦StLtC  LUKSflfC  1  .  UUl,  .  »  (.1  C  «>  .  »  vl  *  ,t  •  M.  .t.AMl.rltr  «  /  <  /  4 
Ctltt  I st CL S  l.TK.sra*  *  \ 

•  CUtC  i*aFCt.$  ?,':.k,STa»»S  ? 

Incorrect  Example 

*  1 T  L  T  INTl.ilN.iM  LNGN 

*Fll  Ci'JlLsHK  cT^.A'-r.^fcr.H  C 1  R / «•  / 1> 

LLtC  ClKsELtC  LK.K.UK.'1AI  GEl’W 

-ELEC  I. NXSEI.K'  WMO.IIEC  f'.ANO.MiC  3.MU.HHr  ^/s/« 

CELEC  lsFCES  t,UN,8l»hS  \ 

♦  CtLeC  ?,OR,STAhS  ? 

6.  Each  Group  or  Subgroup  Definition  Card  must  contain  in  order: 

a.  the  charcters  *G,  *S,  *C,  G,  S,  or  C  starting  in  column 
1, 

b.  a  defined  name  which  may  be: 

i)  a  group  name  used  only  on  a  Group  Definition  Card 

ii)  or  a  name  used  in  the  structure  definition  of  a 
preceding  card 

c.  an  equal  sign  («) 

d.  the  structure  definition  for  the  defined  name  which  may 
be : 

i)  a  name  field 
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Table  3-1.  Rules  for  Assembling  the  Fault  Tree  Input  (Continued) 


ii)  a  set  of  name  fields  separated  by  connectors  (.AND. 
or  .OR.) 

Correct  Example 

•  GAT1».>=FL1  CMl.DK.AM  LM.I 

•sm  c,'»usEi>r  r.iR.A'hi.Mhci*  CTk/rV? 

•  siuc  tTwsf-utr  i •mk 

Incorrect  Example 

•GAIT**  T  »  UGf. 

•  still.  CTKstLir  L** 

•  St  L  T  l>7  LsKbr  C  T  W  I  C >■«  n  >./?/;» 

7.  The  kill  probabilities  for  a  subgroup  are  printed  in  the 
damage  summary  at  the  end  of  an  ASALT  run  only  if: 

a.  the  subgroup  name  is  the  defined  name  on  a  Subgroup 
Definition  Card  with  an  asterisk  (*)  in  column  1, 

b.  and  the  subgroup  name  begins  on  column  3  of  that 
Subgroup  Definition  Card. 

Example 

•  liATTMMsFl.  1  CMl.UH.AM  lUliN 

•  St 1. 1  CMlskLFC  CTH.Aun.Hl.CH  CT*/c?/? 

*S  IUC  CTRstlFC  LNk.OK.GAf  (it MR 

SEUt  L '•KsiLtr  i.AND.tllC  -‘.AUr.Hl-C  J.Ai'O.llI  r  4/5/a 

In  this  example,  kill  probabilities  would  be  printed  in  the 
damage  summary  for  Subgroup  FLT  CNTL  but  not  for  Subgroups 
ELEC  CTR  or  ELEC  LNK. 

8.  No  name  field  including  any  embedded  blanks  may  exceed  eight 
characters  in  length.  Note  that  embedded  blanks  are  part  of 
the  name  field. 

Correct  Example 

•  SdAT  r.kNUsHA  t  TfRYS.  AN&.tik  NRA  rws/c*/e> 

•  SdAUcWtSal  l-AT  TK-r  .A'xO.K  UAT!ky/r>/<- 
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Table  3-?.  Rules  for  Assembling  the  Fault  Tree  Input  (Continued) 


Incorrect  Example 

♦  SH  A  T  l.t  ivReHAT  Tf-  WYS. AUO.Gf  :,tkAT(tKb/r'/<' 

♦  SHAT  !  t  H>  YS  =  U-M  »*Al  T**.Ai\»',kIi;m|  ►•ATIkY/cVH 

An  equal  sigr.  («)  ,  period  (.),  or  slash  (/)  are  not  allowed 
in  any  name  field.  Users  of  the  COVART  Program  must  also 
exclude  the  symbols  plus  (+)  and  minus  (-)  from  name  fields. 

Correct  Example 

*SHkC  SsFCfcS  5.u».$TArS  3 

Incorrect  Example 


ASH.tC*4=FCKs.3.bk.Sl  A^S/i 


10.  The  structure  definition  for  a  singly  vulnerable  group  must 
use  the  connector  .OR.  indicating  that  any  one  subgroup 
failure  is  sufficient  to  cause  failure  of  the  whole  group. 

Correct  Example 

*SELkC  lsFCF'i  l.nw,STAHS  1 

♦  SfclEC  4>5kCtS  ?. OH, STABS  2 

Incorrect  Example 

♦  SELF  C  isFCtS  i.aMT.STAHS  \ 

aselec  a*Fr>s  stabs  */»/? 

11.  The  structure  definition  for  a  redundant  group  must  use  the 
connector  .AND.  and  conclude  with  a  redundancy  specification 
in  the  form  /M/N  indicating  M  subgroup  failures  are  required 
to  cause  failure  of  the  entire  group  comprised  of  N  sub¬ 
groups.  The  value  of  M  must  be  less  than  or  equal  to  the 
number  (N)  of  subgroup  names  on  the  right  side  of  the  equal 
sign  on  the  card. 

Correct  Example 

♦  SPA  1  GEW**‘-»Al  TFP^S.AwU.btuBATKS/*'/? 

A  SB  A  T  T  t  W  Y  SsL  HATTWY.ANO.B  BATlkY/p/iP 
ASGENKATKSSL  bEN>t,AiNn.H  bFNB/P/2 

Incorrect  Example 

ASP  A  T  UEMWSHA1  TFBYb,lJR,GfcUWATkS/P/? 
aSDAT  TEkYoSL  M  A  T  TK  Y  .  A  .  R  HA1TWY 
ASGktKAlWSSl  (ifc'Kk ,  A  'H>  ,R  G ENP/3/i» 
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Table  3-1.  Rules  for  Assembling  the  Fault  Tree  Input  (Continued) 


12.  No  more  than  eight  subgroups  can  comprise  one  redundant  group 
(defined  on  one  card  using  .AND.  connectors)  . 

Correct  Example 

*SRUkCUH=C  1  .  AN|)  ,(  *»  .  Aul)  .C  3.  AM* .(  <»  .  Af  i*  .L S .  Ault , l. *  #  a  >.i<  .  L  7 .  *» '  U.LB/S/  < 


Incorrect  Example 


*SKGRGUH  =  Cl  ,AM).L<>.  AUl).C3.  AM).C«.AI  t-.Lb.AM),0 


aM'.h.j  ai.CH.f'.f.r.o/a/y 


13.  Do  not  mix  .AND.  and  .OR.  connectors  on  the  same  card. 

Correct  Example 

•  StLLL'  3  =  S  T  A  t1 2:  1.  AND.  STABS  «?  .  a  l  I-  .  b  •  An  S  l.AM'.SI  4  /3/<» 

aSMFO.  Cl*?  =  LOF  LK*S  .nR.  CAUltb  .Oh.  1.  A  T  L*  *  S 

Incorrect  Example 

*SELt  C  i  =  STAHS  \  .*Nl).  STAhb  F.UR.81ABS  < .  Ai\ir  .  &*<  S  4  /S/U 

♦  SKETH  CTM  =  LON  Lis'S  .ANO.  TABteS  ,l'B.  Ifcl  Li\*S 

14.  If  no  connectors  are  used  on  a  card,  then  no  blanks  are 
allowed  between  the  equal  sign  and  the  name  field  that 
follows  it. 

Correct  Example 

CCa=LAT  UK  A 

Incorrect  Example 

CC«s  LAf  lk  a 

15.  If  a  card  contains  a  connector,  then  either  use  a  blank  be¬ 
tween  the  equal  sign  and  the  first  name  field  in  the  struc¬ 
ture  definition,  or  place  the  left  period  of  the  first  con¬ 
nector  (.AND.  or  .OR.)  with  less  than  10  columns  between  it 
and  the  equal  sign. 

Correct  Example 

*SKfcO  CTH  =10*  LK»S  .OR.  CABLES  .»>.  LAT  L  is  '  b 
*3LOA  LA'S  =  LOls  lls  A .  AM)  .LOT1  Lis  E  /«.’/«> 

Incorrect  Example 

*Sl'Er>  CTR  =1  on  LF*3  .oh,  CABLES  .Dk,  LAI  UK's 
*SU0K  Lis  *  S  =L0N  LA  A  .AND. LON  Lis  F  /*?/£ 


JTCG/AS-81-S-004 


Table  3-1.  Rules  for  Assembling  the  Fault  Tree  Input  (Concluded) 


16.  No  characters  past  column  80  of  the  input  file  are  read. 

17.  Except  on  the  Group  Definition  Card,  do  not  use  a  name  on  the 
left  side  of  the  equal  sign  unless  it  has  appeared  in  the 
structure  definition  (right  side  of  the  equal  sign)  on  a  pre¬ 
ceding  card  for  the  current  kill  category  fault  tree 

.  descripton. 


Correct  Example 

*t;*T  TKhxFLT  CNTl  ,')K  ,A»  I  LfcGH 
*SH.T  CNU.aM.lC  CTH.ANO.tfcCH  C!K/r*/<> 
*SHEC  tT«mi.tC  L'«iv.l*w.nAf  lit UH 
♦  StLKC  LNisctLtC  )  .Auli.tl  c.C  LTD 


Incorrect  Example 

*SELtC  LNKaFLtC  t.AJO.hLtt  ?  .  Aun .  r.  |  ho  4.ANI!,lLM  '*/•>/* 
•StLfcC  ClWsU.tC  L'K.UH.bA!  bEUN 
•  St L T  tWltsbi.EC  C  TH.  AiM|>.i<(.nH  Cl 
*GATTkNsFLT  CNTL.uV.au  I. rent. 

18.  The  entire  fault  tree  description  must  not  contain  any  unde¬ 
fined  names.  A  name  is  defined  by  either  using  it  on  the 
left  side  of  an  equal  sign  on  a  Subgroup  Definition  Card,  or 
by  being  a  component  name  on  one  of  the  Component  Name  and 
Location  Cards  (Card  13)  in  the  input  deck. 


19. 


Cnly  components  and  subgroups  listed  in  the  fault  tree  de¬ 
scription  are  included  in  the  fault  tree.  There  are  no 
default  components  or  structures. 
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PILE10  -  BINARY  INPUT  FLIGHT  PATH 

The  second  input  file  for  this  program  is  a  binary  file  read 
from  Logical  Unit  #10.  It  contains  data  describing  the  aircraft 
at  each  time  step  of  the  flight  path  as  well  as  an  indicator 
showing  which  intervals  of  the  flight  path  can  be  engaged  by  the 
ground  weapon.  This  file  is  pioduced  by  executing  the  Engagement 
Model  and  consists  of  two  types  of  records  described  in  Figures 
3-4  and  3-5.  The  top  two  rows  of  these  figures  represent  a  tape 
divided  into  numbered  records,  with  the  length  of  each  record 
listed  in  the  second  row.  The  bottom  part  of  the  figures  is  used 
to  list  the  units  and  definitions  for  each  FORTRAN  variable  whose 
value  is  written  on  a  tape  record.  The  first  record,  described  in 
Figure  3-4,  contains  an  alphanumeric  title  which  is  used  to  identi 
fy  the  flight  path  file.  The  second  and  all  subsequent  records 
are  in  the  format  described  in  Figure  3-5.  This  record  contains 
data  describing  the  aircraft  at  six  consecutive  time  increments  of 
the  flight  path  with  16  parameters  defined  in  the  figure. 
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F16URE  3-*.  FlltlO  Flight  P»th  F11« 


,  Record  1 


Record  Humber  2 


TO 

PARAMETER 

UNITS 

definition 

1 

OTAPEO.l) 

seconds 

Time  at  which  the  next  15  words  of 
data  are  pertinent 

2 

0TAPE(2,1 ) 

meters 

x-coordlnate  of  the  aircraft  In  the 
Flight  Path  Coordinate  System  at 
time  OTAPEO.l) 

3 

0TAPE(3,1) 

meters 

y-coordinate  of  the  aircraft  In  the 
Flight  Path  Coordinate  System  at 
time  OTAPEO.l ) 

4 

0TAPE(4,1 ) 

meters 

z-coordinate  of  the  aircraft  in  the 
Flight  Path  Coordinate  System  at 
time  OTAPEO.l) 

5 

0TAPE(5,1 ) 

m/sec 

x-component  of  the  aircraft  velocity 
vector 

6 

0TAPE(6,1 ) 

jm/sec 

i 

y-component  of  the  aircraft  velocity 
vector 

7 

0TAPE(7,1 ) 

m./sec 

z-component  of  the  aircraft  velocity 
vecW 

8 

0TAPE(8,1 ) 

9 

sii/sec 

x-component  of  the  aircraft  accel¬ 
eration  vector 

9 

OTAPEO.l) 

2 

m/sec 

y-component  of  the  aircraft  accel¬ 
eration  vector 

FIGURE  3~S,  FIIE10  night  Pith  hie.  Record  2  (Page  I  of  4) 
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Mice  m ' 

fi  UMBER 

Ml’MPET 
or  WORDS 


2 

3 

96 

96 

Record  Number  2 

WORD 

PARAMETER 

UNITS 

DEFINITION 

10 

0T APE  (10,1) 

a/sec2 

z-component  of  the  aircraft  acctl* 
eratlon  v actor; 

11 

OTAPE (1 1 ,1 ) 

m/strc 

Aircraft  speed;  the  magnitude  of 
OTAPE(ll.l)  is  the  aircraft  speed 
at  time  0TAPE(1,1): 

•0.0,  Indicates  the  end  of  the 
flight  path  file; 

>0.0,  Indicates  the  aircraft  is 
able  to  be  engaged 
<0.0,  Indicates  the  aircraft 
cannot  be  engaged 

NOTE:  The  Flight  Path  File  used  as 
input  for  the  Engagement 

Model  has  all  values  of 
OTAPE(ll.I)  >  0.0 

12 

0T  APE (12,1 ) 

Normal  load  factor  on  the  aircraft 

13 

OTAPE (13,1 ) 

radians 

Aircraft  azimuth  angle;  heading 
angle  of  the  flight  path  in  the 

Flight  Pcth  Coordinate  System  at 
time  OTAPE  (1,1) 

14 

0TAPE(14„1 ) 

radians 

Aircraft  dive  angle;  angle  between 
the  flight  path  and  the  horizontal 
XY-plane  of  the  Flight  Path  Coor¬ 
dinate  System;  positive  value  Indi¬ 
cates  decreasing  altitude 

FIGURE  3*6.  FILE10  Flight  F«th  File,  Record  2  (Pays  2  of  4) 
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MTCfc!'  r 

NUMBEP  j__ 

1  1 

2 

3 

i  1 

LAST 

number  j 
or  WORDS  j 

20 

96 

96 

i 

96 

i_ 

Rtcord  Number  2 

f  1  - - 

WORD 

PARAMETER 

UNITS 

DEFINITION 

15 

OTAPE (1 5  »1 ) 

radians 

Aircraft  roll  angle;  amount  of  air¬ 
craft  rotation  about  the  longitudinal 
axis  of  the  fuselage 

16 

I 

OTAPE (16,1) 

radians 

Aircraft  angle  of  attack 

17 

OTAPE (1,2) 

seconds 

Second  flight  path  time;  the  values 
of  0TAPE{2,2) ,  OTAPE (3,2) ,  .  .  . 
0TAPE(16,2)  describe  the  aircraft 

• 

• 

• 

at  time  OTAPE (1,2) 

• 

• 

33 

• 

OTAPE  (1,3) 

• 

seconds 

♦ 

Third  flight  path  time;  the  values 
of  OTAPE (2, 3) ,  0TAPE(3,3),  .  .  . 

OTAPE (16, 3)  describe  the  aircraft 

• 

• 

• 

at  time  0TAPE(1,3) 

• 

• 

81 

• 

OTAPE (1,6) 

■ 

j 

• 

seconds 

• 

Sixth  flight  path  time;  the  values 
of  OTAPE (2, 6) ,  OTAPE (3,6 ) ,  .  .  . 

OTAPE (16, 6)  describe  the  aircraft 
at  time  OTAPE (1,6) 

FIGURE  3-5.  FRE10  Flight  Path  File,  Record  2  (Pag*  3  of  4) 
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rrroKp 

NL'MELF 

NUMBEr 
or  WORDS 


!  i 

» 

2 

— 

3 

20 

96 

96 

i  LAST 


96 


Record  Number  2 


i - 

|  WORD 

PARAMETER 

UNITS 

DEFINITION 

[ 

i 

! 

• 

i 

- 

i 

i 

! 

1 

• 

• 

• 

0TAPE(16,6) 

• 

* 

• 

radians 

• 

• 

• 

Aircraft  angle  of  attack  at  time 

OT APE (1,6) 

NOTE:  All  remaining  records  on  the 
Flight  Path  File  are  in  the 
same  format  as  Record  2, 
each  containing  flight  path 
data  for  the  next  six  time 
increments.  The  last  record 
has  the  value  of  OTAPE(ll.I) 
equal  to  0.0  to  indicate  the 
end  of  the  flight  path. 

FIGURE  3-5.  FILE10  Flight  Path  File,  Record  2  (Page  4  of  4) 
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SECTION  IV 
OUTPUT 


Two  output  tiles  are  produced  by  executing  the  ASALT-I  Model. 
The  line  printer  output  is  written  on  Logical  Unit  #6  and  contains 
a  aescription  of  the  input  parameters  as  well  as  the  simulation 
results  in  a  readable  form.  The  first  subsection  below  describes 
the  line  printer  output,  FILEb,  by  showing  examples  and  outlining 
the  options  available  lor  the  various  parts  of  this  output.  The 
second  output  file,  FILE11,  is  a  binary  sequential  file  written  on 
Logical  Unit  #11.  It  contains  values  for  the  amount  of  laser 
energy  th  .t  reaches  the  target  during  each  time  increment  in  the 
simulation.  The  second  subsection  is  used  to  define  the  parame¬ 
ters  whose  values  are  written  on  FILE11  and  describe  their  order 
so  that  an  analyst  could  use  a  post  processor  to  interpret  and  per¬ 
form  a  more  detailed  analysis  with  these  data. 


FILE6  -  LINE  PRINTER  OUTPUT 

The  line  printer  output  can  be  divided  into  three  parts:  a 
aescription  of  the  input  parameters;  a  time  history  of  the  laser 
and  aircraft  encounter;  and  a  damage  summary.  The  three  following 
subsections  are  used  to  describe  these  three  parts  and  include  an 
example  of  each. 

Description  of  the  Input  Parameters 

The  first  section  of  line  printer  output  is  a  description  of 
the  input  parameters.  This  information  is  always  printed  and  pro- 
viaes  the  user  with  a  good  description  of  the  conditions  being 
evaluated.  This  output  is  generated  by  executing  WRITE  statements 
in  Subroutines  READY ,  ACIN,  and  EKOMUL.  An  example  of  this  sec¬ 
tion  of  output  is  shown  in  figure  4-1.  The  title  of  the  computer 
model  appears  at  the  top  of  the  first  page.  The  first  subsection 
lists  the  blight  path  tile  name  from  the  first  record  of  the  file, 
and  the  data  used  to  convert  points  from  the  Flight  Path  Coordi¬ 
nate  System  to  the  General  Coordinate  System  (coordinate  systems 
are  defined  in  Section  II).  The  next  subsection  contains  values 
defining  the  laser  weapon  system  including:  its  location  in  the 
General  Coordinate  System;  the  tracking  error  caused  by  jitter; 
the  emission  rates  as  a  function  of  time;  the  slewing  rate  limits; 
and  the  minimum  prefire  tracking  time.  A  description  of  the  atmos¬ 
pheric  conditions  is  listed  next.  This  includes  the  attenuation 
factors  as  a  function  of  range,  as  well  as  the  smoke  corridor  loca¬ 
tion  and  attenuation  factor.  If  no  smoke  corridor  is  modeled  by 
the  input  values  on  Card  10,  the  two  lines  describing  the  smoke 
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corridor  are  omitted .  The  aircraft  components  are  described  in 
the  nest  subsection.  The  component  number,  name,  and  location  in 
the  Aircraft  Coordinate  System  are  listed  in  the  left  five  col¬ 
umns,  and  its  probabilities  of  kill  at  ten  levels  of  accumulateo 
energy  are  listed  in  the  right  ten  columns.  The  aim  points  ex- 
presseo  in  the  Aircraft  Coordinate  System  are  listed  in  the  next 
subsection.  The  errors  associated  with  locating  and  tracking  each 
aim  point  are  printed  in  mils  in  the  columns  labeled  SICMA-Y  and 
SIGMA-i.  Additionally,  the  limits  on  the  look-angle  envelope  for 
firing  at  each  aim  point  are  listed  in  degrees. 

The  next  two  pages  of  Figure  4-1  are  example  fault  tree  dia¬ 
grams  which  are  printed  by  executing  Subroutine  EKOMUL  and  are 
used  to  depict  the  interdependence  of  the  aircraft  components. 
These  fault  trees  were  generated  using  the  fault  tree  input  shown 
in  Figure  1-3.  A  user  of  the  ASALT-I  program  may  define  as  many 
as  three  fault  tree  structures  for  different  kill  categories. 

Lach  fault  tree  in  this  section  of  output  is  labeled  at  the  top 
with  an  eight  character  group  name  followed  by  the  ^ord  "GROUP" 
ano  a  number  to  identify  its  kill  category.  The  number  at  the  top 
of  the  fault  tree  is  the  same  kill  category  number  which  appears 
in  later  sections  of  the  program  output.  The  first  fault  tree  in 
Figure  4-1  has  the  group  name,  ATTRN,  and  is  kill  category  number 
1.  The  second  fault  tree  has  the  group  name,  M  ABORT,  and  is  kill 
category  number  2. 

A  set  of  component  names  in  one  vertical  line  on  the  fault 
tree  is  a  series  (singly  vulnerable  subgroup)  in  which  the  failure 
of  any  one  component  is  sufficient  to  cause  failure  of  the  entire 
subgroup.  Redundant  components  which  comprise  a  multiply  vulner¬ 
able  subgroup  are  represented  by  parallel  vertical  lines  on  the 
fault  tree.  The  redundancy  code  is  printed  at  the  bottom  of  each 
set  of  vertical  lines.  In  the  first  example  fault  tree  of  Figure 
4-1,  the  subgroup  at  the  bottom  of  the  fault  tree  contains  six 
components:  AFT  RL,  AFT  SR,  AFT  SL,  AFT  UR,  AFT  UL,  and  AFT  RR » 
Its  redundancy  specification  is  3/6  which  means  failure  of  the 
subgroup  requires  the  failure  of  three  or  more  components  in  that 
subgroup.  Users  of  the  ASALT-I  program  may  create  very  elaborate 
fault  trees  using  many  levels  of  subgroups  as  exemplified  in 
Figure  4-1.  If  the  fault  tree  trace  option  is  selected  by  the 
user  on  Card  11  of  the  input  deck,  the  printing  of  each  fault  tree 
is  preceded  by  several  extra  parameters  used  in  interpreting  the 
fault  tree  structure  cards. 

The  final  page  of  Figure  4-1  is  an  example  of  the  subsection 
used  to  display  the  time  steps  for  the  run.  These  values  are 
specified  by  the  user  on  Card  1  of  the  input  deck  and  are  used  to 
control  the  simulated  time  between  computation  iterations  and 
between  lines  in  the  time  trace  output.  If  no  time  trace  output 
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is  requested,  the  line  labeled  TIME  BETWEEN  PRINTOUT  LIKES  is 
omitted . 

lime  history  of  the  Laser  and  Ait  craft  Encounter 

Figure  4-2  is  an  example  of  this  section  of  line  printer  out¬ 
put.  These  data  rre  printed  by  executing  Subroutines  HEADER  and 
OUTPUT,  and  are  omitted  if  the  value,  0,  is  specified  on  Card  1 
for  the  parameter  IFRINT.  The  top  three  lines  in  Figure  4-2  are  a 
heading  printed  at  the  top  of  each  line  printer  page.  The  four 
left  columns  list  the  time  and  location  of  the  aircraft  at  that 
instant  in  the  simulation.  The  slant  range  in  meters  between  the 
laser  weapon  and  the  aircraft  is  listed  in  the  fifth  column.  The 
interval  between  consecutive  lines  in  this  section  of  output  is 
determined  by  the  input  parameter  values  on  Card  1.  The  column 
labeled  STATUS  may  contain  five  possible  entries  as  shown  in 
Figure  4-2.  The  "NOT  ENGAGE"  status  occurs  for  all  aircraft 
locations  which  cannot  be  engaged  by  the  laser  weapon  system.  The 
"NOT  ENGAGE"  statue  is  determined  by  execution  of  the  Engagement 
Model  and  is  detected  through  the  parameter  values  on  the  Flight 
Fath  input  file.  The  status  "TRACKING"  occurs  when  the  aircraft 
can  be  engaged  but  the  minimum  prefire  tracking  time  is  not  yet 
fulfilled.  If  the  slewing  rate  required  for  the  laser  system  to 
track  the  aircraft  exceeds  the  user  specified  maximum,  then  the 
status  column  will  contain  the  label  "TRACK  ERR".  If  none  of 
these  conditions  occur,  the  laser  system  fires  at  the  aircraft  and 
the  status  column  contains  the  label  "ENGAGE",  unless  the  smoke 
corridor  is  between  the  laser  and  aircraft,  when  this  occurs  the 
states  is  labeled  "SMOKE".  Whenever  the  status  is  either  "SMOKE" 
or  "ENGAGE" ,  the  probability  of  kill  values  for  each  kill  category 
of  the  total  aircraft  are  printed  in  the  right  hand  columns.  One 
Pk  value  is  printed  for  each  aim  point,  and  each  value  represents 
the  total  target  Pk  for  the  kill  category,  which  results  from  one 
laser  system  attempting  to  fire  at  one  aim  point  since  the 
beginning  of  the  simulation. 

Damage  Summary 

The  damage  summary  is  the  last  section  of  line  printer  output 
produced  by  executing  the  ASALT-I  Model.  It  is  printed  by  execu¬ 
ting  Subroutine  SUMMRY  and  displays  the  values  for  the  total  tar¬ 
get  probability  of  kill  for  each  kill  category  as  well  as  subgroup 
and  component  Fk's  for  each  aim  point.  An  example  of  this  section 
of  output  is  shown  in  Figure  4-3,  where  the  matrix  of  numbers  on 
the  right  side  are  the  Pk  values.  Each  column  corresponds  to  a 
different  aim  point.  The  total  aircraft  probabilities  of  kill  for 
each  kill  category  re  listed  in  the  top  lines  and  are  labeled 
with  the  kill  cate  ory  number  and  name  on  the  left  side.  The 
subgroup  Fk's  are  listed  next  with  each  line  identified  by  its 
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subgroup  nine.  Only  subgroups  which  were  defined  on  a  Subgroup 
Definition  Card  with  an  asterisk  in  column  1  are  included  in  this 
section  of  output  (See  Table  3-1,  Kule  ?) .  the  component  Mt1!  art 
listed  last  and  are  identified  by  component  number  and  name . 

FILE  11  -  INCREMENTAL  ENERGY  FILE 

The  second  output  file  produced  by  executing  the  ASALT-1 
Node!  Is  a  binary  sequential  file  written  on  Logical  Unit  #11. 

The  first  record  on  this  file  contains  values  for  the  time  step, 
number  of  aim  points,  number  of  components,  as  well  as  locations 
of  the  aim  pointa  and  component!  in  the  Aircraft  Coordinate 
System,  the  remainder  of  the  file  contains  one  record  for  every 
time  step  used  by  the  model  in  simulating  the  encounter  between 
the  laser  weapon  system  and  the  aircraft.  Each  of  these  records 
contains  values  for  the  current  simulation  time  and  the  amount  of 
laser  energy  reaching  each  component  dur Ing  the  time  Increment. 
Figure  4-4  and  4-5  contain  record  descriptor  forms  which  are  used 
to  show  the  order  of  the  values  on  each  record  and  their 
definitions.  All  records  following  the  second  record  are  in  the 
same  format  as  Record  2. 
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1 

2 

Lest 

3+3*MXMFT 

l+NAIMPT* 

1+NAIMFT 

♦3*WC0 NP 

NCQNF 

*HCOMP 

mcon  SURDS?;  1 

m 

PARAMETER 

UNITS 

DEFINITION 

1 

TDBLT 

seconds 

Time  interval  between  each  iteration  of 
the  program  computations;  one  record  is 
written  on  this  file  for  each  iteration 

2 

NAIMPT 

— 

Number  of  aim  points  on  the  target 

3 

AIM (1,1) 

meters 

x-coordinate  of  the  first  aim  point  in 
the  Aircraft  Coordinate  System 

4 

AIM (2,1,) 

meters 

y-coordinate  of  the  first  aim  point  in 
the  Aircraft  Coordinate  System 

5 

AIM( 3 ,1) 

netere 

x-coordinate  of  the  first  aim  point  in 
the  Aircraft  Coordinate  System 

6 

AIM (1,2) 

meters 

x-coordinate  of  the  second  aim  point  in 

t 

• 

• 

the  Aircraft  Coordinate  System 

• 

• 

• 

3*NAI 

MPT 

• 

• 

AIM ( 1 , 
MAIMPT) 

• 

• 

meters 

• 

• 

x- coordinate  o£  the  last  aim  point  in  the 
Aircraft  Coordinate  System 

1+  3* 
NAIM 

AIM (2, 
MAIMPT) 

meters 

y-coordinate  of  the  last  aim  point  in  the 
Aircraft  Coordinat*  System 

PT 

2+  3* 
NAIM 

AIM (3, 
MAIMPT) 

meters 

x-coordinate  of  the  last  aim  point  in  the 
Aircraft  Coordinate  System 

PT 

3+  3* 
HA  IMP 

NCOMF 

P 

Number  of  components  in  ths  target  modal 

Figure  4-4*  riLEU  -  Increment*!  Energy  File,  Record  X. 
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of  Words 


1 

3+3*NAXMPT 

2 

1+NAIMPT* 

Last 

1+KAIMPT 

•NCOMP 


•cord  Numbtr:  1  (Concluded) 


PARAMETE* 


COMP (1,1) 
COMP (2,1) 


COMP(l, 

NCOMP) 


COMP (2, 
NCOMP) 


COMP (3, 
NCOMP) 


UNITS 

DfflNITION 

meters 

x-coordinste  of  the  first  component  in 

the  Aircraft  Coordinate  System 

meters 

y-coordinate  of  the  first  component  in 

the  Aircraft  Coordinate  System 

meters 

s-coordinate  of  the  first  component  in 

e 

the  Aircraft  Coordinate  System 

• 

e 

e 

meters 

e 

• 

x-coordinate  of  the  last  component  in  the 

Aircraft  Coordinate  System 

meters 

y-coordinate  of  the  last  component  in  the 

Aircraft  Coordinate  System 

meters 

s-coordinate  of  the  last  component  in  the 

Aircraft  Coordinate  System 

Figure  4-4.  FILS11  -  Incremental  Energy  File,  Record  1. 
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Record 

Number 

Number 
of  Words 


1 

2 

Last 

3+3*NAIMPT 

1+NAXMPT* 

1+MAlMPTfNCOIfP 

+3«»COitt 

NCOMP 

Record  Number:  2 

WORD 

wmuweten 

UNITS 

DEFINITION 

1 

TINE 

second! 

Current  tine  in  the  simulation  model;  the 
end  time  of  the  time  slice  for  the 
following  energy  values. 

2 

ENGYAD (1,1) 

kilo¬ 

watts/ 

cm2 

Amount  of  laser  energy  reaching  component 

1  frost  a  laser  aimed  at  aim  point  1 
during  the  time  step. 

3 

ENGYAD (1,2) 

kilo¬ 

watts/ 

Amount  of  laser  energy  reaching  component 

1  frost  a  laser  aimed  at  aim  point  2 

• 

• 

cm2 

• 

during  the  time  step. 

• 

• 

• 

NAIM 

e 

• 

ENGYAD ( 1 r 

• 

• 

kilo- 

• 

• 

Amount  of  laser  energy  reaching  component 

FT+l 

NAIMPT) 

watts/ 

cm2 

1  frost  a  laser  aimed  at  aim  point  NAIMPT 
during  the  time  step. 

NAIM 

ENGYAD (2,1) 

kilo- 

Amount  of  laser  energy  reaching  component 

PT+2 

watts/ 

cm2 

2  from  a  laser  aimed  at  aim  point  1 
during  the  time  step. 

• 

9 

• 

9 

« 

* 

• 

9 

• 

* 

• 

9 

(1+ 

s 

i 

i 

,kilo- 

Amount  of  laser  energy  reaching  component 

NAIM 

NAIMPT) 

watts/ 

NCOMP  from  a  laser  aimed  at  aim  point 

PT* 

NC0M1 

cm2 

NAIMPT  during  the  time  step. 

Figure  4-5.  FXLE11  -  Incremental  Energy  File,  Record  2. 
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APPENDIX  A 
SOURCE  LISTING 


This  appendix  contains  a  source  lii sting  (WJJ*  *T2 
w  %  *o\  u4  f Vt  comttnt  o^rdi  tor  th§  ASMiT  I  MOfl®  • 

in  listed  first,  followed  by  ell  subroutines  in 
alphabetical  order.  Each  subprogram  listing  begins  on  a 

new  page . 
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Ctt* 

C  —  or  iu»un  »a«u I * *  aortast  kw«  »♦***!* t»  — 

c  inis  »>Nti*«a«  tcct**t»  output  tact  i»i  *OMi  a*K> 

c  PNWVtbfct  a  HtaSOWt  09  A*  AlaftaaM’S  SHCaf  yAMl  1 1  f  Afai*i»t  * 

c  catt*  t«#fat 

C«t* 

COMMON  NA  |M*t  ,  AlMJ.lV), 

•  rctiMtn,*) 

common  hcuw*,  ruM  ts.iuni,  »**np(*,9*>,  «ii>ih( • 

•  iwimimi,  i*'» 

C«M»ON  /f*«/  CO,  » M  l*«**)t  L0r.ta*»ir*»),  Jt*l>*(S). 

«  M4»*OU*» 

CMa«*cf(»«»  n«9 

LOH^tiN  /L*S«*/  6UNIJ),  r.l»M»*(3),  »9tb»,  *UMI0),  HTlHfH), 

•  ►CUHt**.  91  OAfA 

COMMON  /IftlU/  lUU'STt  OJOIIA 

Common  /St*ToV  IStat 

c»*» 

C  status  itMlilUON  uhu 

C  an,  fchn  09  rcH.**?  *»a  t* 

c  ■  i,  canaoi  tenant 

C  a  *,  |MSO>9  ic»*.ht  f»ao  11*  9 

c  a  a,  stt*  9»*k  ci*i»  t»cmn 

t  a  <»,  FtftfitO  n^ijtCM  sm.aa 

c  *  S.  MtatMi 

CUMNUN  /t»9kl«z 

CUM*>un  /1»%Ca/ 

/r««  isr/ 

• 

CUMM(ir.  /rslfcrs/ 

U'bKtl  CUN  HI! 

C*«* 

C  INlTULlir 

c  *  •• 

fMUM«  a  «.*• 

9l*i«on  a  a. a 
10CU5 I  a  o 
NSHIJTS  a  n 

ihi  t  g 

ICO  a  1 

C**» 

c  Nfc*0  TMfc  MU  UtC*  ANO  9'XfOM  ►  Ptt  19"  I A Ata »  1 A t  iUM  Atip 

c  ONtNl  HUH  MAaaatreWS 

C**a 

C*U  »«•©» 

»*oui  a  ntssttaaotr,  hum 
60  til  000 

C*»* 

C  at  t  aincnaM  Mini  trio*  oat  a  Ha  innkM  twc 
c*** 

ton  ll««t  a  I  ji»t  ♦  inr.il 


•il  art  ( l**» *  J ,  ihmiim,  ir*>.  taacttlB). 

i,  1 4 1  ci*  iii.ro* «  ttoooi*  t/noui, 
ism*.  mar,  i hi,  um#  trotc.  faa, 

f  »•  I  •  HO.  i  t.lM 

YwKTIta.  SUM1,  Ml * tC .  lanital,  fjlltta,  tJITTta 

irr,  tar.  Mi,  m.,  / o,  rsi,  cr,  sr,  lifoaciS.S), 
actiKiiS,  o,  arii.M  i.l),  tt"acil,l) 
tote  I,  IpkIi  1.  a  »»*«.» 


A- 2 


JTCG/AM1-S-004 


CALL.  "OlNtS 

If  t  Ikl Af  „IM.  II)  CM  10  Ami* 

M**bt  •  imXtAORft,  r»MH) 

Cm 

C  0*0*  to  IM>  Of  »l**l  L<'U»'  ft  CAf.»t«t 

Caaa 

If  U»t*t  .fu,  I)  <  >  lu  mom 

lit* 

c  ttucft  auhjli*  if  mr.f  u*»  am.  »li«  «ai»  itstt  ami  samamco  thin 

€  HI#  I*  All*  **ti  |«*V  A».0  CU^tlNt.-r  LOW'S. 

c*«* 

C*it  i*»oft.niilAO,  UM.ti,  *t.i*»  mm  ) 

LAC*.  1**AfM 

I A  UHtAt  ,Lf.  II  CO  H>  m.»i. 

CALL  **A  I  ■  I A  ( <*  1 0  A  C  *  AC  I  CM.,  t  a;,  l*«l>LCl 

C  A  A  A 

C  Ml  AM  Mhl'MAI  Attu'«  MMlU.il.  t 

c*«* 

tMtTA  S  AtAMtf)  l.jCUwUI,  lill.1*«Mtf)  ) 

Kim*  «  ru***»uTt  uni.  kh»i,  n  i*  i-i*sim«i*nit**i,  skua  ) 

CALL  MhUFAl tMAMtC*  tHlIAJ 

caaa 

c  MAMAbt  A:IM'l€»  l  V  AH>A  II  Ml*<  A  AL**  I.I.HiAlM  II  IACm  AIM  AlilNT 

Caaa 

l>tl  l| All  |»|M  «  |.  MI*.MI 

CALI  LUAAHr,i»|MA<,  A  I -'LL.  lil.»  I  Ah,  »IHIiI«IM1 
If  (  .MM,  CAMMlKAlfAt,  AIMI,  I A  t*  )  I  r.H  10  OttO 
CALL  AM  I.Aftl*  I  3 1 C  *  *  SIM*  A|lM.|,  A  t  h- A  /  ,  A  |  AIL  *  1AIM) 

[Ml  Inn  ICOMM  «  I.  I.LOMM 

kAMtlM  «  IHfLI  •  MH|  I  t  lCO"f  •  |A»I  ,  Ml.l|  $u.<,  AlMMbf) 

LALL  1‘AAARt  UCOMM,  |tii,  milt,  Uitii'M 
100  C'iMlIKKl 

Caaa 

r.  CUMMUlf  »|ML1Afl  M  USl'il,  I  fAl-LI  luff  rlSLMlf  1  IIIMH 

Caaa 

CALL  f  ALIDt  ( t  A I  I 
AM)  cum  1. Mil 

Caaa 

C  l  Ml  Ilf  t.*k  COUP ,  IIMMATC  SIAI  I  S»  I  |LX  AM)  ppt.il  1HHRI**  KlSULtS 

Caaa 

OllO  CALL  liMLAIft  1*311)1,  ?l»!f  ) 

CALL  (HitPilMNA  l-AT ,  ‘•A'Ct) 

C’l  lit  |  lip 

li  A* 

C  LM>  Ilf  KlCMl  MAIM,  PM'll  Sl‘A)AWT  Alili  !|lf»p 

Caaa 

SAII  CALL  *v,*P».'M"Al*Dt,  »'r,).,.|!»J 
3 1  Ml* 

Lull 


A-3 


JTGG/A&4I4404 


«••• 

t 

c 

c 

c*** 


c*## 

c 

c 

c**» 


c«*« 

c 

t«»* 

l«« 

c 

c*»* 

(•«» 

c 

C  •  •  • 

(««• 

t 

c  •  *  • 


SUMtfu'iTlfcf  *Ct» 

« sswr-s  a  asswrrs « 

CtiHNbK  **»**?#/  UltH*!*  4|M  1.1*1.  #l***Ow.W. 

*tvm*  UrSiiJl^oJiillliiu^tlM.lM.  *l»»»**c »••#«*». 

sss  ssr^a«;:-.s  m’j.sms..  ««*«*•• 

CHMtniR.A  >*•*•  .  .  „  . 

u*?«  mu*.  **i»»tcr*«*l  *•'**•<*» 

M1*0  »**%  *o*h»«  or  C4 -•«.  ♦*•  »».  MO  WUM»,  *M>  *•*«•**?» 

r.|N  iMt  *0  T«*ut 

Hf  *0  t*.*l»l  W4|MM#  ll*>«k 

»t*t>  IS.***>  UHtr.tUl.  JM.Ul 
M||(  ItWfc’UI* 

0<»  |»t  l  ■  1  »*«CU**0 

COH**WhkNT  U»C**  tl«*» 

m(4U  (#••!  1 1  IC4.oiM4.il*  4*1. S> 

*HK#eoi»o  •-**»  *m>  •»«»*•**  “*  k.n.MMtw  *14*M  •«  ** 

Ntftu  <*.an<)l  |**M».J).  •  t'i»*Ml.4>.  4*t.*M 

r«  cm#  nr.?  lanit 

*fc*l)  (#»aru>  t*M4.l».  4*t.l*l 

IMHUI.I2C  »«t  •*•***  4'*  Mi  n  turMHtM  cocmio**  4*0  r* 

»•>  •  4  ■  1.10 
k*r.»osn,ji  «  '».« 

*  SHuriiM n>  U  •«*•* tn#  ih'Mj.ii.  t*«t4.n.4*i.io) 

10  CuMlMtt 

tu  *  *co*r 


c*#* 

c 

c 

c### 


«*.  *i*  «•  *»*  artaKT* 

«K|I4  !#»,#««) 

. 

Ink  4ft  A  I  1 


A-4 


JTCG/AS 4bWH 


JltlMl.M  •  MUMl.'l  4  'I'* 

««  C0*»  »*»•'► 

r"  wir.it . . -  . . .  •“*“ " 

c*«<  .  , . 

1>V)  «#  J  ■  '  • l* 

X)U  «U  I  »  l«\®n 

-  . i«:»:  5  W 

*C*it 

KM'W 

C»t* 

c  hn»im 

t”’\ . .  ' 

,  JJt,  *v*«t*u**  !••  t  ,«•*  ;*  «, 

^  r'‘{Su" . 

»:  r v* . ’ «*.?,:*: :r »J:  »■>'  »  . . . 

S|«  lUUMfcf  CI«»  #*«  *  * 

|U 

*,><0**1  (**«  I***.'1' 


H-5 


JTCG/ AMI-4404 


*.££  i'v+n*  *n»**r,  ‘i*'**'*!;*"**""**10 

«»«»  ";Xi.  •*«««• 

W  m«»  ?a»:  ^".5; -5^.  r..r.^»j»;u{}»;;; 

MU 

cmt«  m  Mtm  r«N  >»<»  »*#  «!«'»*»»  •« 

C»tu  »»t»|M*Ct9V,  kt'lUC, 

•  ••*> 

CunOUTI  IflltC  ITWIMD  »*  »*»  PNCOUMH*  C.4.  I*  ••l*U** 

VlVl  •  EM  •  Ulttw.w 

CuM>uH  llhtl  I'l  tw  *l*»  *UlM 

CM.C  va»«vi«*  M.Mh) 

(ILl  *•  U1'! 

■  VK^MO 

-I  K»**» 
t*P 


JTCG/AM1*004 


Cw«*t)H  /P4**A<tfc/  IMKbMIi'l.  ►  MHt#l«Ol.  ... 

r.W««<**i  /IlKM/ 

,  fNftTWlH  |*i«»  l'«) 

cumttfl  /At C**M/  !**■» I/Hlt  <•  )"• 

ACCU«»Ut*t>  AIt»tCM«  •►•k  U'»*PCMwl  UMlMi 

*1  Ink  ClltNtnf  All*  AulHl  A..I-  1‘fcUlitMHk  ■** 

ississ;:,tis.V!iis*;iKsr..w . 

Cl)i**UTA  (nKAimtit  f«  •  *  HHttlliM  ACt'*llt^U# 

•ASm*t  Unk  irt'ii'tul'il  •*»  l*«  *ll  »lu  tAlr»tt*lll 

«*»*¥C  ICMPP*  I*  IM*>  *  A I  •  ICO«*»>  #  I 

»*W(UO«P»  #t  1*1*  >  «  ►*¥UlOk**»  It  »•**) 

►  I*  1 A 1* )  •  PtWlHOt-t.  It  1*1*1 

Wi  TOt**l 

k«U 


JTCG/AS4V440* 


»U«W«MJfl»e  MOr  >L(LI*l«*|lh*tk) 

C***  *C  *»>«*♦  Mr 
CM*"*Ctfc»««  xi.«N« 
l*Tkftfc«  *««»  Da* 

U)*C«SIOl.  ACML*)«L('C(Ltf),o'ML«)'M>(t  *») 
t‘>  !•*%*$  JO*  10161*1 
C*ai*«CTt*at  1014#  1C* 

turmjN  /|M/  ta#  'UIW),  *.wwi*» { **f ),  Jt*03(3j, 

•  Ne»uur 

C**M*CU*al  »L,  |«(  I*.  IH 
«*»»  Ibts/iHtf  ihi,  ini,  ih«,  i«s, it.»,  tor,  toil,  im/ 

•Ml*  *L***»  OH.*  IV,  |H,  |M  /**•  t|f 


INIS  j|||Hwnul|M  Lli*SI«M«L  t*  *  PMMf*.*,.pLy|  rjp  TMfc  im»3 
t  *01.1  0I*RH**>(  *Cr.t.*U|M,  Ml  114  l*M*Mtt*r|ON  Slguto  I* 
fnk  r|i|,  *HM*V. 


M*9T  IMMM.  t?l  »C*,  n*>.,  AM.  L  i«l 

i* 

L*1  *  L«-| 

"1  *  L.?l 
•0  II  a 

a  rOU  (  1  *0  3  f  !  I  )  .  1  0  )  •  | 

LOCCM)** 

►  II  a  Kt.aPMi 

i* 

f’OIM  Hi  SOMHfAU 

i* 

•CM*!)  a  *11 
0.\*Ol)  a  0 
i>0  Ml  *V  a  I  ,  nt  K 1 1 
“I  I  Kj.«? 

►  t*r  a  | 

IMMJLtr  J)  .LI  .LOt  Git  M.  |>U 

i* 

mj?  * 

I* 

t’tNT  a  -t 

rMriTfvt 

i* 

*0*0'*)  c  *k*T 
0**(*3)  9  hint 
3*i  LOCO'S)  a  0 

IMMI.Lf.LI)  00  to  *o 

*1  a  «||>| 

60  t(l  |« 

• 

*CCuroL**E  *C*  **l.  in.* 

• 

««  *<1  a  t<l 
30  If  a  rut. |aU 


JTCG/AS4I-M04 


l4Hl  * 

H  |  I  ■  *C**(M) 

JH|  •  I 

IMIMI.a)  -*M|  *  M 

J»»l*  ■  t 

IMIV.fat.ftt  J-n  •  v 
•hi  I)" 

JH  •  I 
J"  i  I 
*j  •  ►  1-r* 

(NJI. U «W'J>  *"  tv  1 

Nut  *  imIHHi*  ...  !,|,k 


M  *  L  ?  I 

bo  *|t  •  , 

iMmu.<»nu,'»t.*>t}ct*in  "  ,u 

If  ifeCMMn.Lt.">  M-  «• 

1,1)  fu  inn 

?U  im  iit.tr.n  tu  ■*« 

>41  «  »*lt-1 

1,11  to  fell 


moo*.  ...  «Jt*r  of 


00  **ut  “t'L (►51 

•  Witt 
UU  M 

tj  wont  ife.^^t 


t»r f »• » 


iilui» 

1 00  jo  a  »«*** ( SI  I  l 

j*  a  «H|MI)  ... 

vii  mimut  (?<**  ,,,,T  ,lf  ''"0*  • 1 

l»vM*«tl  a  J* 
ftt.W(*SI  a  J*’ 

110  IMH.tt.O)  bt'  »U  l^° 


Ptuourt  ...  •cto-'i'tkM* 


i«« 

J «tti  a 

jM|afe*lO(.|H| ,  Jol 

r.o  10  1  So 
l?o  joi  a  jMltJ*4 

JrOa*t  III  f  |*U  *  J*‘  I 


stmt*  ...  tccufocm  ntiuoi 


I }0  CONTI  tut 

ttn(ill)  a  J*l* 
otiiitl)  a  JM 

10 (I1.GT.ft)  OtfMMIl  ■  lt*MMII*l 

ir til  go  iu  i*» 

k;  a  n|H 
Oo  To  *>n 

*•*  I,,,*  n*vt  *Hl)tt  M‘0*'*'  ••• 


JTCG/AMl-WXH 


C  T*U 

c 

|4M?  1H  JaO.tr  .M)  KO  10  1*5 
•Ml  Tfc  |*.t*H*l 

150  I  9JW4  Tito  **»NT  »•  t*|kS  II'H  TK^KI  I 

OlHIH 

c*»* 

c  C«NJ»T»OC»  MCltUT 

C**a 

I VI  LUCItt  ta*,5i»w* 

i>0  *10  M  a  Ct.t*l 

it «»*i  it  *<« 

•  It  m  IfJtHI! 

IT  •  «Otf»n 

»%M  a  •*Cn<i***JMI»).|ii» 

incur  »*•»*). "t.0l  6»»  to  1*5 

t»** 

c  «mi& I  C0C*IC  OMCvtoon  '.tUtltll  tl‘  IM1  otOC* 

c**» 

Ido  Ml  a  »ca<M) 

.-I  a  M.| 

On  l  7#i  t-aNtl.-M 

IM**»'I.IM.€M.'*»iCO-im  Mi  H-  1*i- 
17«  CJMImUO 

IM’iIMM'  6U  to  I la 
'I  ■  Ml»| 

i.o  Tii  tea 

17a  .>*m  !*,lTb)  ‘"1  It'll) 

1  7>j  F‘JH**«  I  (?AH  I*  MM  I  t.'SlMli  .  IM 

Slut* 

i**  loctnn  a  c«'ci»  i 
(•»• 

C  navt  irC*Ho«>  It  fiLCtr.m-t  ...  Nil,  t'l.ai'IOK  few  1  M 1 1  » 

Mv  ItC«ll’C<Mt)/tiH*i 

lLt*ttlC(Kj  t  MICCtMiOO-t1 

Ltft  a  lcr»*cat“ll 1*5 
*t«  a  nitl 
I'll  a  M.| 

init.tt.ot  mi  ti  *n- 

c*  •• 

C  aaatCCM.  CutLt.r.  1 1'"« 

t 

i»U  #t»0 

Call'  a  iCN|<i)*ttt 
Li'C  •*.)«!.  ft  t«C*t''/^*tl  mi*  IlCtf 

2i»«  ctM  *  cm  ♦twin 

Ml  It'  *r« 

C*«* 

C  scans  tocctr.niM 

(at* 

<10  *  HI  iiv  1 

Lh |  a  iiat;(M)**« 

Ci*C(,.talrr.*l«"»',*U.«-tt. 


A-10 


JT0G/AM1-IW04 


990  Ul  « 

<)»  CuMIM/f 

c  FO*  unit  OMIO***  *«•».#  40.  1*1*,  4.0  toe 

c*«« 

if  1 1 i**cf ,'t . i >  n«  itj  e*t 

*»i n  (*,/ n> 

931  fitHKftlSONl  *  i*i'L  »fi  u  c  ,//» 

IHI  9)  *«l  1  #L9 

9)  *W|  It  IM»4i>lM,t  *<  1*  I.UCIk) 

9V  fuw«*t t urn 

93^  CUM  Out 

c*** 

t  *»0*  001*1  04I,T. 

c 

IS  •  KULILtl 
•  C  «  "UL(l?) 
mo|IH*>.9«i>I  «4*(  IM  .*t 

9«n  Fo*«*T  UMI  ,*»</*, ah.cM*  I.KIMU',  Mil.  Cffff.OM  ,19//) 
OOF  «  3 

99«  ClNf  *  L  |*ik  *1 

|f(tl»  l.r.T.UJUTl  U  0  >u  «Mu 

c<« 

c  *NY  lurulM  0«*  l"ls  I  I  ? 

tMl  |»l*  f  «l  I  ,L9I 
IF(n«M»f).f.U.>i)  6l.i  In  9«*«» 

IMi'iUHI.bMD  61'  10 
1C«LUC(N)/|0»I| 
lt«l  "t  1*J|-  1C  •  l  null 

<i»-  »"  9**' 


c 

hihs  n»it  ...  **Mist  n 

. 

1'.  *  **l.t(M 

c*** 

iF(U.fea.ic/t»«t  i>  i.o  i" 

9/0 

c 

c  •  •  • 

wiiwn  ffirm  o*  r.iiu.i-u 

»S  ...  JjliMl  AT  Mf> 

iNht  *  IC/I«> 

Iff  |in.»u,»8|,,i<l  ),►.»!  II'O 

9*t> 

UU  »I|  940 

C**« 

C  *»0W|>  CIMIlUj  UK  COCO*-*  »!•  ...  aUotS  AT  10*9 

c«** 

9IQ  HOC  •  K/t»>; 

*6tft  (HOM1  ,*■«  *'*K  »  ,1.4*1  1M 

9 At)  ►  «IO**»OtU.4*.H(9«..»»*>l 

9««  «.«*»»  lulit 

c*«« 

t  MOST  I *» I T I *t  1 9f.  -  It**  *•**>*  t 

110  lull  IH.IM 

i«o  icwm  *  t**t 

Cm* 


A- 11 


rrcG/AMt*$<»* 


(LM  *  •M*L  (*t  |  / 1 0 
IKt  •  •*«».  t  ••« 

(|H.»  I  4*»*>  * 

lflVlMt.ft1.IM)  *0  >0  9**" 

Kl t  a  Hit) 

uu  )Ktl  UHIMJi 
utHoctunw 
i  nai.i>tcn*»c»*>tt«'« 
l«t  a  |t|»i'«*U**k 
IMLlHk.tT.9HD  •«  10  **" 

•*  HOI  Ia»M  ...  •*'»  »*“  SktHVM 

ICH(ltl)  «  ,v 
U«>  Curtf  ir-uk 
<a«i  ton 1 1 wot 

A.m  iH.afl'ii  <CM 
.00  ( |  v.  I  *°*  *  )• 

uu  IU 


ntikk  a|lM  HltHXk  ...  HtU-H 


.  ..  V  tiyL 


JTGG/AM14404 


ft* 


SilHtfllii  I  IM  F  *L  1**  I  I*  lM  * 

COMMiH  /| Mt/  L'l#  kWIMIi  MIUrf‘O'1# 
,  nCWOOP 

ChamaCIMmh  s** 

U)F,»»(I#*  V**V(^0»#  I#  I") 

Ul»*t**iO*  MMiO 


It  |.0MrfM  I,  JkNKMUi 


M*C*Ft  ***  •  :»!.  «•  •  »'  t»  »M.t  I*  -ol  *«"*» 


do  «io«  l*o»  ■  t.»«G«U'u* 
i  ■  Jkr  i»sciw*i*) 
kills  •  «*HL(L» 

ir  cik*p  .cr.  n  m  «  J* *'»m n.*» -i i  ♦  i 
109  l  «  l  -  i 

MVM  ■  Mil  (L  1 

IF  O'**  .1*.  •».»«  Tu 

•  • 

PftWftli.Fl  SOKbMUU*' 


•  • 

LWFU  ■  **VK/I«» 

L4»!t  *  "V»*  M>| 

Oil  i«o  IM>1  •  l*LSFJ' 

L  *  L  •  I 

PftMlSVSI  *  •***v  1  FlttUi  <l'll>t  •*!*'* 
JiiO  CO**T  Ji»0t 


IF  (LS*»  ,SF.  *>  G'l  T"  «» 
ism  a  l  !»»*  ♦  I 
on  lavs  •  i s v s l •  " 
WrtftUMM  a  «.«• 
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jflt.  C*U  ftVW*»M  LS|M,  K»». 
l  *  l  -  t 

PHV(  WUL(U#  MILK,  Ml'-I  8 
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c*»» 

bf  I  LO  s  LI.  II*  I 
8  M>»«| 

Ml'  ('.*•)  s  LL'« 

If  I  lkO.kll.il)  bll  lli  *»• 

S«MIN*  a  fc«<tNft«| 

C»*» 

c  *•  U  tn  uuOCfltfcli  USI 

c**» 

l.»0*»  lh«npa  I  a  HO 

*8  to  «T  I  Mil 

**1  '£(***  (LI.D)  .Ml  Ik***  (lit  l*l.*l 
b«  fuMMAT  1*811 

if  mi.tf.s)  lump iuM«iMtitf  i»im*f 
If  (ItU.tQ.l)  GO  It' 
n  I  •*»*♦! 

If  ClfTft .fo.oT  r,<i  III  *.i 

C«** 

C  1*18  r*Ml)  l»fef  |*f  9  *•«  M:.M  ffKthtkli  bffr  ...  E«Mbb  II  HbOtH  tNG 

C«a* 

•MUTE  (*..**>  ICAMn 

*9  MiMMT  HIM  litf  I '.I  Tills  I.r  luimkNCM)  Ktyf*  .81*11 
lout  I  8  I 

Git  10  dt 

b*l  If  tlCAOMM^ll.kO. ITL. »»!>. ir»MMM-n.EQ.Jfi«>  KU  TO  *92 

*|SN*«! 

GO  Til  *| 

**2  tH*aa-| 

GO  TO  III 

t*** 
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C  Ci'UtCII*!  •••  ***l  MMi  f 

C*** 

to  imicamuirii  .fcu»m  gu  h»  is 
c*** 

c  Mil  *M)  •••  »SSt'"»t 

c*** 

im  iltvuf  ,>.t .  1 1  i.»i  tu  n 
(♦>,**»  **i •  IC***i» 
iwuii  •  i 
?1  IC»m  m 
*»U  lb  MU 

c»*« 

t  **•»  ... 

c  ••• 

IV  IM  ltT»U(F .Rt.M)  «<)  Tu  !♦> 

(fc,SSI  Ut.!C«u<i 
I uo It  a  | 

Ik  ICTVUk  a  | 

MO  *|  *  k#*| 
bO  VI:  M 

€•** 

C  PAUftlLFl  H€0M*0*:«(.*  OMO.I.  II  ILM  H'H  ...  rfcCUUE 

c»*« 

**S  IM  IC»U!IJM)  .  4k  .  |C*M,(.l  *i»n  i.b  10  *»(> 

c*** 

C  (.(•‘•MCFTt  >IH>U  ...  M  SI  i.l  I  Nr.H  mil  Uf  *** 

(,*•• 

lhNlSNI>t 

>•0  ib  tin 

C  uttUI’F  «n»'htu  «f<».  I 

C*** 

«l)  »0  gb 

lMir.*HK(Nl  »,m,|Ml.M  >M  I-*’  H  lb'* 

03  CUMliDH 

c*** 

c  M. .'Ob  ...  KNINI  *1.0  VI  Il  l'll  M  *6 

l*** 

*Rltt  (1,111  M,IC*ur 
n  a  NN* 

I  w«i  1 1  a  | 

C*** 

t  P*C*  |F*H  FUR  l*.C0'O»UrK  HH'JiU*»C»  »UFC  IMC » »  1 0'< 

l*** 

100  |U*UaN*|o*Hi'«*«l 
C*** 

C  M'oISmEO  CARO  ...  gfl'ATT  ML  AL'OtY 

Cf  •• 

11(1  4M  1C  I  *UF.  .IT.U )  |U»R  *  1 

lit  IT*hLlllM»») 

«UH  Rfc*)aftL<l(t). 

NlUOItll 
in  t*  »  i>*i 
Jtou*LO(M»*) 

*>litUM  %  J* 
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Ik  ( Jn.6T.lU)  bo  II  l|1 
JtOALlM.MPf  JHI 
If  IH'.M.U)  Ml  10  III 
I.ObMP  (  JM)  ■ofiMHUPa  |  ill 
Ml  II*  lib 

11/  JL"««k'UI>( JtliftUQ) 

•itl»**JlU/|M(i 

If  (JLOl.Ll.*»VM0OP|  JI.U»*.(*»U> 

If  ( JLOM.fi T .MfeMOOM J  Jl lit*ai  G*i-*<k 
L'H.MPt  jH)ajLO*A|tHi4  IL0« 

||b  CUMlM/t 

*  SSft.i 

IMm.U.HI  bO  It)  IIS 
l»  a  U**| 

MiUl")  »  1 1*  AM 
fid  lu  ill 

CAAA 

C  fc'M*  or  OMl*»*»  kbits  s  II  L  CAItOI-kt  ...  Jioif  LOCATION  Jl.  Jf  nil  s 

c*** 

1211  L**  a  Lk’A  I 

MUL(L»1  a  MILLS 
JtNOS(SbMilHk)  a  (.» 

NMHlOH  8  M.MOI|H«| 

I"t6|f>a| 

|*llb  Mk«U  tS.?*Jl<ltAM>(l),  |A|,«t  l 

Ik  (IfSAcr.fciJ.il  Aklll  1 1**1: 

If  mAb|l(ll.fc<J,|k.AS|..|CAS0(^).tO.l«.Afc|).lCM»0(3|.fcU.l0>  60  TO  iU 

N|«| 
lfcOBl. 
life*  S«0 

IJ1«  Cam.  gmma’>  ( |  c  AmIi,ii  | ,  n,*,  >ja»  ►  ,t  i ,  |f  ,)) 
l»0  to  (1^1  1  .  I«*l^.  Ic*l  I 

!?tl  Ik  (  lkU.fQ.I )  Ml  III  1*1* 

C*A* 

C  00  fMl.lt  L  AMk.L  •  OkLT  IlSfcll  ki(S  ISALL  Mi  I  MO  1 

C*A* 

AMU!  (S»NAM«SAJ  (lAMfclllilil.A) 

AllAJkt 

gu  ru  uio 

III!  CONllNIlfc 

CALL  MATCH  (NAHf .LLO.HJ 

lk  (*. Mf.nl  GO  TO  1*JJ 

C«*« 

t  kUHOS  ....  oNiitribko  lo  .... 

Caaa 

*MU  (b.bb)  N | • 1C  AMO 

H|a***l 

Hfcf-ai 

60  TO  I  ft  A 

C*aa 

C  HIONfc  LU  1*1  NIJL  A  OS  -  Its  A 

C  *  A  A 

1213  lk  IM.tM.31  a»«a 
I ffcssal If MSA| 

MkmllaMkKOA  I 

il*'l/*l 
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c  •  *  • 
c 

c»*» 

1*n 


c*** 

c 

c*»* 

IM 


♦.otllttb)** 

(,11  Ml  \i\n 

t  i»>ish  gmpum 

HkNU  ■►t**P*l 
•iiiLtMM*)*!  u."s 

l«UC  (»lWil»*  tkkto 
fid  lu  l<fO* 


f>o  ur  m»h.u»»u  nuiNt*-»dun»  ‘»’4 


Miiwou^  •  NGMiioUM 

MitmtMuv 

«r.v  kvoows  1 

|K  (NMIMk  ,Lk.n)  GO  ft!  !•»»' 

00  IV1 

«*  "*• 

non  «  i 


Htr.kiiwfc  **■*' s  "MkM'.tu  i.i- 


|  Mi 

c««* 

t 

c*»* 


**  *  M 

S!ii. W  ••»•  . . 

CO'*  •  I  Ml*. 

iMiuvn.rv.io  GO  IV  \»» 

..... ............ ...  > 

llk.U**| 

Cu.jI  |M‘k 

fUU  lUtCl  UV1IUU  "M.»  ..  vk  OKLllCr 

|F(I1U*C».0*.|)  GO  10  lit 

ax.'wn; . .  ^  ” 

00  |*1#Ll‘1 

am  Ilk  <•»,  I  VU>  I  l  > 

\  Cb.4lli.Vk 

\  |IH4«1  (]«•  I  10) 

i  POH^M  C//W*  4fc.Nl»Ji  *****  /I 

Jil  l'  $> 

v-.  V  ik  **  ■  i  >  _ 

v  *«.„*.*»  \tt\* V  U*GU»'  ***•»»  '» 

AM  11k  U.IUGI  ll,LfU,KKU).»«I.LlO» 

|J  MiM-tl  VOt  *MM»1  /  I 

ir(K.ksr,fo,ii  gu  io  nu 

..Mill  <*,1*>*0 
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SUHHOllUNf  *'t» I **l|T  I !►'**  t  •  •  C«  f>,  t«*Nl.F) 

COMMON  /»LL»*»S/  ••»*«*«'•  \,  I  «»>  .  .  . 

CUFNtlN  kUkHIIHl.  "'UU,  I01»)  .  I ,  t. 

tu.»,yn  mm«/  m*  nii*vn*'>*  iop*it»(i*»l.  JtNOStu, 

«  KiUhUliH 

CN««*CVtM*»  **" 

CUt-mu  /**«*€'  ut>.  U'Ll» 

CUMMI..I.  /sfATt'S/  l.tlftt 

c  ••• 

c  3t»1llS  IIMIMUUU  l*Kt 
C  »  0,  | K|t  OF  FUN*  l  BA  I* 

C  *  t»NK"t  IM.M.F 

c  •  *,  Ik »itrr ic l «  i»**ck  »!*■> 

c  ■  t.  3LH*  t*»lk  IIMI 

C  »  a,  MftIMf  IHUUURm  S»'UKF 

C  «  5,  Hkl  tfi 

CIimv(;i>  u  I  **•!  1 1  **»  **l  *  U*Mllk)#  Ttt*€#  T*»  H*  H* 

«  i  »m  t ,  ui*t  i,  i»i;rni,  i»oom,  riitnoi# 

.  1SHM-I  ,  11.1*1*,  i*/,  i»»*r.  iholu.  »»*, 

«  1  H i ,  leu,  *► • i > t 

CUMi-hik  /tsl k*s/  lliK.1.  |t*“IM, 

C  OotMl'l  3|IB-t,,*1  1k1»  t*“l  <*  *  L I *•*  (*  li*T»  »VkB1  lPwlNT  T  *fc  STfcPS 

C  «*• 

IF  llt'KlKT  «t«,  OJ  l.u  H* 

KUHN  1  *  KOU»’l  ♦  1 

tF  |M)UKT  .U.  l“tt|M|  li"  *< 

KdltNl  «  f) 

LlNt  •  t|Nk  ♦  1 

IF  (LlNk  .U  .  lIMlt)  UK  IK  1  <>« 

Ll«F  «  I 
C *IL  *t*niF* 

mo  bii  m  mo.  i?<»,  lit*,  t «»■ .  iNH),  im»i 

(-•** 

c  t  ANM1  I  F  UG*1»F 

c*** 

no  km  jit  ib, nn  iit*t»  if*  *1*  *  •*•*»* 

til  tuHKU  (|i,  Ft..*,  iFP.M,  f 0,1',  u»>  m*l  ) 

UU  TH  <»« 

c*** 

c  IBACAlMS 

c  •  *  • 

tan  **hf  (k,i<ii  u*t,  i».  i».  w.  **Nuk 

I2|  F  UKM* 1  (|«,  Ft»,2*  JFt*,l*»  F*t,(  ,  lit*  IBACUKU  > 

UU  TO  <0() 

c  *  •* 

C  3LE **  M*H  UM»  F1CU.lt" 

C*** 

tio  K«m  (k,i*u  uu,  i*.  if*  »/*  »*"«** 

t  St  FOW*At  ( 1  w .  F*.2.  3Frt.ll,  F«*.»>,  l«*i*  1t-*C«  k*»»  > 

UU  1 L  2<MI 

c  •  •  * 

C  FlWIMi  fMliUl't*  3*«<»t 

C»*« 

1*0  *i  *  •'Hid  i 
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00  |8N  t  •  |,NI*Mt;of 
A  lllk  •  HO.  t  Jt  'U3  (  I  )  ) 
if  II  ,M.  i)  bu  l(>  l  A* 

mih  not,  n,  tv.  t/*  fcftMti ,  mtLft, 

•  (t'MV(l-|*B<LL'..J)*  JB|,NA|»*M) 

|«|  MJNMAt  ()|,  »#..*,  31 «.",  M,l‘,  «•*,  SH5*»>UKf*  If*  *«, 

<*0  tU  18% 

10*  Ll**t  I  tlkt  ♦  t 

l»  (Ll«k  .LC*  LIM.1M  <A  »!•  I  •  • 

Lit*  8  I 
CALL  HkfflfW 

|««  *Nllt  t«.,l*m  MUO  If-'VIM,  Mill.*  J).  jat.NAl***?) 

IB?  «1  a  »OL(  Jt»nS<l)  •  I  ) 

100  COM  INI* 

UU  ID  *«IQ 

C  f|H|M* 

C  •»* 

If  I*  <«I  •  OuLd) 

nil  ISO  I  a  l.ouonoo 
MLlt,  a  out!  JfctOSll)  ) 

It  Cl  ,Cf.  *)  00  10  If* 

•  Milt.  (f.,|%t)  t|*»k.  It.  tv.  T  It  NA-l.t,  K  ILLS, 
a  |t<  VlM.KtLLf.fJ)*  jai.oaiMOT) 

|%1  t  UM<4  A I  tit.  to.**  JMl.tl*  «l*  OHkKbAftk.  ir.  *  k*  tort.*) 

»»'•  lu  IS% 

IS*  LII*  a  LINt  «  I 

|f  CLlNf  .Lt,  L I'tL IM  Oo  It  |t* 

LINt  8  | 

CALL  Mt*ntM 

ISA  *•*!  It  IN,  K  ILLb.  t*»»¥l'l,  Mtn*.  Jl*  J«l  . '.A  | ) 

tv>  N I  a  >*ut  f  .ItNJS(l)  ♦  1  ) 
iso  com i Nut. 

iso  miwhai  (sat,  13.  *l*  toft.*) 

C*»K 

C  Milt  tN(R(*k  Allot))  UN  t.l'.AM  lAt-t  Mil.  A  poSt  Mh OC t SSOM 

c  A*l|  Jt  MO  fHt  AMMAV  HIM  iHk  Mil  l|Nt  1  1 1 B  A  I  ION 

c».« 

*00  CtHIINlie 

NM|lt  III)  I  IMt  *  C(tNt.TAlMI.J),  JSt.NAltpT),  |8|,nCUNM) 

UU  **0  I  a  I.nCOOM 
DO  *10  J  a  1.NAIKMI 
tNkTAlMl.J)  8  .1,0 
*10  CONI  I  Out 
**V  LllMlNUt 
MtlUMN 
fcM» 
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SOPNOOUnF  flltMJ 

c**« 

C  IwlkPPOLATt  Aup  TMAK  SFONF:  t«'»  i.k*  UhtMlrt  POSITION  UATA  *1 

C  IhK  Nfc«  Tin 

caaa 

COMMON  /STATUS/  lat«f 

common  / 1 ***k i ** /  imut.Mi  1 1 in i »  i*i,  ito,  ni»ui 
UIMFNStON  DtmUtiM,  linlUM 

kwujwnkNct  ('»T40k(i,n,  momii  uHii»n) 

caaa 

C  CMtCk  POtMCHH  f»0  THAT  CoNPt'T  l(Mi,  1(1),  u  NllMIN  TAPI  OAT* 

c«»* 

ip  utn  ,U .  upcn.iHin  (.i  u*  »«'o 

c*»* 

C  AUVANCt  P(ilM  t»S  TO  NT  1 1  MPV.  LATA  P*|M 

c**« 

1*1  •  1*1  A  1 

1L0  ■  1*1  •  I 

IP  I  ICO  ,Ll.  SI  «ii»  to  V< 

c**« 

C  NtfcO  to  Of  *0  *  NF»  hf.CONO,  F|*Sl  SAVF  t>*T*  FOP  T*fc  LAST  tl*f 

c  from  tMfc  olu  nccowo 

c«»« 

no  a»  1  *  I  r  IN 

tLAsttn  *  utawmi.m 

tn  CONIIMIF 

IN|  «  I 

IL«»  «  1 

L *LL  WTA|.|«,(OTAPU 

Caa* 

C  tntc*  FOR  l  MO  of  FLIC.M  paT* 

L  A  A  • 

SO  IF  (TAPL(tt.lHI)  ,tu,  0.(1)  \  ■«.  I*.  MOO 
Caa* 

C  STATUS  ItTMfek  0|»aIkS  ONC*A>.i.tl,  i>  OkCOvrS  CANNOT  tNOAGL  («|) 

Caa* 

1ST*!  »  PaMISTAT,  NLFIST) 

IF  (*l <  T  ST  ,FN,  II  1ST  A I  *  I 

Caaa 

C  OITkONINf  CAN  gw  C»NNUT  fcHNAi.f  SIAtllS  AT  A  k  A  T  F  L  Hi*  t  PATH  POINT 

Caaa 

*t«TST  i  i 

IF  (TAPintilMII  ,L  I  ,  U,M|  tFFTST  «  | 

TAPklll.lPll  *  APSITAPkill. 1*1)) 

Caaa 

C  TNttNPQLATk  AIMCHAFT  CATA  AT  TIFI  1(1} 

C*.AA 

|t}«  PMAC  «  (T(l)  •  TAPk(l,  ILOI  )  /  (TAPtn.INt)  *  TAPI  (\,  1L0) ) 

DO  t}0  |  •  *,l* 

T(||  •  TAPt(t.lLO)  ♦  FNAC  A  (TAPk(lt|M|),TAPf(|flLO)l 
II0L0NT1NHC 
MkTuNN 

Caaa 

r  kNO  of  flight  path  in  item 

Caaa 

moo  I  ST  A I  s  n 

NkTONN 

k<«0 
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S'mfttiut  (M  (o*<6>  *  *  *•*  » *  *  .  ..  . 

Comm,*  /(.**!•</  U0M41.  •  *M  il »  ►KH,  *CUM1«1»  KUHfmii 

•  Fllllti'i  *10*(»> 

Ci)'4>4l  i*  l»**l** 

•  »*H#  I  SK’ t  M 
Lll'tMlM  sj|t*ll'S/  181*1 

r  »UK»  W»  |m|  I  ION  >»i*U 

C  SO*  fhW  U*  HU»I  0*** 

c  i  t*  i***ui  t*«r.*i.k 

c  •  t,  i«.*t*Ficik>.t  io*c*  n*> 

t  ■  «,  SCM  o*?l  ll*-H 

t  *  *,  M  *!•«**  » **«*litli**  h'*'*k 

c  s  *,  n*t*u 

c**« 

Ul*fc**»l(i*  *»(<) 

C  |  iSf.M  4  |»M<3t'*,kk  1C  *  I  ttHl-*  I  ION  ►SfT'lh 

t  «*« 

*|.<  S  CUM»'>1  (  tl  Hn(  K*llkl.»  *•*!  l«l  *  >•*•»  ) 

C  TLSl  Mil.  *l*l>  1  I  l(i  «*l  ClK'OliyO  I  *  1 1  OFF  **4  NCI 

£•«• 

Ik  IISMM  .k'l.  "» 

II-  i  I5»  l*T  .t'l,  <  I  I<  *><■ 

If  (oMHI'lll  .CL.  t»*H*  '♦»»*  .1*.  1  ^0  10  00 

•  A  till  *  I  «  0 

su  l|f  ('inti*  ,C»..  SvnH.nm  .v«.  SM*H'>1?)  .Cl,  ^U*  )  0«  U*  40 

i  a  1 4 1  «  «. 

6>*  ii#  loo 

£***  L»<»fw  H4*o  I  ittHSi-C  IS  C'** *»  I *•  t  •'.  l.tn-o*ofc  o*'.ei»  10  l'klk**l'*l  11 
c  *|NC“»II  1$  *kl«kf»>  M  v»t  »•» 

*’  *m»  okou*  *  ohimUM^omiii)  •  m«Uk(H  •  CS*Mi**  12  )»S*0«  *  1 1 ) )  • 

•  r,<n>  r*M<») 

14  i  *H8|l»fcMl*l  .61,  i«.  «.*••«*  Ml  I  )  (.!•  II*  02 

(4,011  .  .... 

«#|  FllUMAV  Sl‘M«4F  tK  '0  l  ••SI 

^  I  UP 

02  S  *  (btiM*M2)*(J»vi'**U  » II  l  >  ♦  i.i'.;(*O(U*(G0M«,)-SHO*»m))  t 

•  UlNnt# 

*T(|)  S  JM*U**(I1  ♦  5*  1  S»'l»4  *  (  2  )  "S**  1*4  »  (  1  )  ) 

*1(2)  ■  J»f>U*T(l)  ♦  S«  (  t  (2)  •0**UC  »  I  1 1 1 

if  (0**&i  .cfc,  nis*<»»»  gum  )  to  io  so 

C  imiRt  H(T»ll*  *4  *00*  •  "l*  *  1*10*4  I  *  *liJ(iSI  MUNSMM10N  MCTU# 


IS  1 • 1  ■  * 

*?■«  S  *1*  •  SO*  IN 

c  ••• 

c  0kCHfc*Sk  FC»l*  0*  1*00 

c««* 

too  4Cli>0C  »  FC»i»kw  *  *••» 
MklUOC 

4*0 


UfcC*k*Sk  FC»I*  0*  T**M  I  •*»  I  Hi  *1  lt!i#U*tlr*  1*C1C’K,  *1* 
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c » *  • 

c 

L  • 


Cttt 

c 

C*H 


L»»4 

c 

c»»» 


Cm 

c 

t*** 


lot 

c 

c**« 


8uH*lHi!)0*  **k4itl 
01S14S10N  tllU(tfO) 

CUMMMI  GU*(J>*  MiN.AMJ),  dLC*,  KU«t(IO), 

•  410144,  KOH'k 

CdMMOh  SF«ftt/  Lls»*  C  •  «»k  *  ** 

C«|M«IIN  /»»*<.*>*r,/  lUlMiiili  MIUMII'),  Ik  4  IN,  s«b*t(i),  »*0**(i), 

•  VMi  ))(,,),  i.*t«.,  |V|j| 

CU«MI|6  *81*1.18/  ||l*l 

cuihwk  /t*mo/  ottom*,*),  h*hmi*>)»  tv**,  ii,  it,  ?<* 

• 

4 
4 


COMMON  /  TMC*/ 
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»nm  (4,14(1)  16UI,(  1 ) ,  1*1,1) 

DUD  (8,410)  NFLO*  ,  i,4  I  N 
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I  I  MU ,  III,  3«>MTt«AO  U  b  •  tAdlHiP  31 1"  OAltS  IN, 
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c**« 

l  PWIM  SKPAMUHP  *»«*» 
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•  l  o'*  aim  1'ointi  /  am,  lull  » 
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CllMMON  /StMt*** 


IULOS* * 
J*1*» 


.iSMflJi 


WLO  ilk'll 


c 

c 

c 

c 

c 

c 

t*** 

c 

c*** 


SIATOS 

•  tNf.  n> 

:  £ 

a  «.  V  iMHOOfiM 

a 

mesh  T***c*  ,,M|r  u  bUU,s 

„  <15. .>.««.> 

i  lutiT  A'i.  lULli&'l 


111"  1 
*  Tl*"k 


c«*« 

t 

c*** 


ItST  FUW  Nfc"  t*StH  SM*" 

IF  VU»t"8T  .tt.  3  •**•*'• 

IUC"ST  *  f3»*r 
bit  ^***  * 1 
t  «t» 


lit  *  *  .t.F. 


«)  KSMOtS  ■  »iSMUti»l 


A-43 


JTCG/AM 1-3-004 


vpsv(«x.s,  *.  i,  * ) 

Ul*fc\8lQN  »n»U),  *  ( « l  •  mi) 

C  f«IS  HUnVrul  iNk  19  uSkO  fit  U»H  Ik  1*1  MCftUtTftM  *kC  10».  >N(, 

C  M»  *M'  IKp  VkCll.o  ft  li)  l*fc  »••>!!  it.  I  uft  *  *M)  VICTIM*  H 

tftftft 

I'O  tn  I  ■  1.5 
•  ftktn  •  •  1 1 >  ♦  s*mii 
iv  com i i mot 
•4IIUMN 
INO 


A-44 


ggarg 


JT0G/A&41 -5-004 


ao«*<ouT Uf  vim*  r  ( *ns,  v.  n 

UlMtKSIlitu  •*»(!>«  V(J),  hj.ji 

tit* 

C  THAMJJMIW*1  yf.Ct')*.,  V,  IU  ».  CUCWblNMf  3»STfc»-  ItkMNkU  Ht 

c  iw*usmji»** uu*  *»m*i»*  t. 

c**« 

ini  rf'»  t  i  1,5 
•mS(1)  •  0.0 
bit  ttt  J  ■  t •  ! 

**Slt)  •  »'49(1>  ♦  Jill 

to  CUHTJKUt 
iO  C»''«Uf-b». 
tit  To** 
t  10 


A-45 


JYOG/AW1-S004 


t  •** 

c 

c 


LOGICAL.  HINCT10**  H  •  I*1*'* 

CtHMiN  /»!**»T3/  *»A|»>I.  A|MJ,t**». 

•  A|L!»*tl»#«*l»  IUIHI|«WI 

ML  tub*  IMF  V>LUt  If  A»»t*tfb  A#  AM»  H  **t 

fcMVkLi'f*  A«*C*»tA*»  Ll,#|l»  HI"  '►*  ***  *'*• ,KT 


(•»* 


1*  1 4f»  Iwt  IA  |M,  1 1  »Ll  •  *<t  I*"  1 1*  I ^1 1  I**4  10  I# 

CANM1I  ■  I  (AiLl**l  I  AlA'i  I  I  <U,  A  l  •  AH  !•»  1 1  *D 

.  .!*{. ISMiaim.ii-  .in  m.  ,a«...  kuciimm)  .«**  m 

bu  Hi  <A 


10  CA-Jui**  (  AK1»-I1*I*»»  n  **  Aft  l**l I* !•*»<)  *6t*  II 

.  ti,n  tLLlflUlt'tll  all>  U  .»••**•  Ill  »!»►  •  111 


HtlUHK 

c*«o 


A-46 


JTCG/AS41-M0* 


c»»« 

c 

CM* 


fUNCtlUK  •  »Mi,  r,,f) 

01*1*310*  MI«)|  Ml*) 

(NftKOOl.  f  Tf.  F*U*  fllHMO*  ►  *?  ***5  I*  00#*l*  * 

IF  U**  .«».  *m»  M.  Ill  •» 

CUM# ui  a  Mil 
Wfct'lM* 


5  It  »  I 

UU  to  12  I  iilOM 

If  (*U6  .1*.  Mil?)  )  r,u  »«•  *'*• 

It  »  l* 

|0  tlMttKOfc 

COMfUl  8  Fl'»U*) 

Cu^uT  a  Fill!  ♦  tf*l»*M  t  II  )  M  M 1  <?  •  “M  1 1 1 1  *  |?(I2)*MIll) 
WLttSM* 


t*U 


A-47 


JTCO/AS41-M04 


lusCIH'*  unit*! 


c*»* 

i 

c 

€••• 


MiltlXSS  («••  s  »•>•«  t  lhlttl  l*» 

>*  «»  mtm  ..1 


¥  I  «t« 

•I  9  tHtlll 

IV  (*«  .nr,  ».•)  r,u  III 
f  a  t CtU. '*«>*•*»•**  • 


4 

,«leU«!**uMI*** 


♦  ♦  l.« 

f  a  n.*  /  ur*»*»|*«/) 

1  !►  U  .61.  f.m  ►  ■  *  *■ 

Uln  <  I 
HCTIIHN 


k-«u 


A- 4  8 


JTCG/A34 1-3-004 


►  llNUlON  MVtVl.  v*> 

»«(<>,  *<fUt 

l  CO’OMttt  ?H»  imUNC*  »«»  *UlM9»  v)  4»»#  v*.  |h  ?«t 

C  b«*«t  T»«i  M»fc«3tUMkL 

(.**• 

UlM  •  0.0 
oo  to  |  a  I'tf 
0!S<>  a  Ms*  ♦  t 
10  COrttthUt 

019*  a  Sijatt  019*  1 
fct  tOHM 


JTCG/AS-81-S-004 


Function  pisjtvi,  v<*i 

Ul^tNbU'N  vi(5l.  v^tsi 

* 

CuMt>uH  IHt  ►tlwf.ir  1.0  fClNlS,  yl  AND  V2»  IN  Thfc 

&An£  |H**FF  UI^mSIOnAL  Coli»l<i»Al*.  STSU*' 

* 

;;:sj  *  «.»i 

Oi;  t  <i  I  at*) 

OISJ  a  0|«J  ♦  (  Vl(!)«V4ll)  )  »*<■ 
to  LU>«l|*lifc 

»>JS1  a  SORt(  bins  ) 

Ht  I  •.•*><« 
fc<*0 


A-50 


JTCG/A&4 1  -S-004 


►  ONClUit,  Ph|1(  Ift  MV,  Ul»-.  sih,  M(./, 

DIMENSION  tMCMI, 

c  a  a  a 

C  |M|»  HiNrtl'tN  CI'vaMiIVN  fttV  »i>ih«Mi|M  CV  HltTIM,  *  CyMPONf Ilf 

C  OMStt  two**  I  *«*■  4|M  VMift.l  *1  IV  I.Ai,b:,  I  Ac.  A|M|*(,  01V1*I|UNS 

c  *  *  • 

COMMON  /aivpij/  .Al^PT,  ..  |  li*.  *  c  1  «i  •  «>  1  , 

A  I'*.**)  .  HIIHI'I.O 

COMMON  /«t»«CFt/  NO'IVM,  lurVH,  I  (Ml)  ,  O(|fio,^)(  A  1 1)  I  H  (  1 00 , 2b  )  , 

A  r  M,  TO*.  (  I  Ml,  1 1.  ) 

Common  /i  aSH/  t,o*M)»  t.n  .  I  Aw  t  J  J ,  i.fLU*,  KUMloli  VcTIMtClii), 

*  Kiiio,  muo 

Common  /twansV/  ok,  vi  *  ,  u-,  »o,  /<..  MSI,  CP,  SP,  bHl*C(3.J), 

*  •CHillilli  MOHIS.O 

c  *  •  ♦ 

c  COMVult  LO'J^-AVJLt  5  10  l"t 

c  *  *  • 

C  *LL  LUNAMilCOf'PA/,  town,  l,l!i  1th,  CliPPfl  ,  ICOFPj  ) 

r.  •  •  • 

C  lNltfP(t*TE  >Mt  fiMpin.iM  HHSh.lti.1  a**Va  anD  NlOTM  AT  tolS  *5PtCI 

C  Anil  ktll'HN  IF  /HI'  VKfit'.Hl'  AWLA 

t'  *  •  • 

CALL  |M*A.(PAMV  A,  J I  I  ,  L'llVA/,  LiOWL,  I'l  UMP) 
v  «  i  I  z  |i  #  ft 

IV  (PAWI.A  .LI.  l>  ,  IE  *  '•»»  I  Oil  -I. 

L  »  •  • 

L  IhAiIjLAU  AaO  NC  1  a  1 1  V  V.  C  I  !'•'  Vl.0V.Alf  -ML'lM-IO-COMMONH.I  i  T  p  fMt 

C  tNLOO'.TVM  C  1*1, NO  1  .A  IV  STSIV 

C  •  •  • 

lall  vMSyfAlot.  rsi-MI.HiiM'i,  -l.v,  *  I*  r  j ,  I  a  lf»> ) 

LALL  VKMAT  (CO  AMV. ,  Ail'd,  ai;1iaj 

(:•** 

L  UiVIVI.IV.  PA'fGfc  V  MOV  L  A  S|-  h  IU  CO*‘0L'OV  •<  I  ,  Avp 

C  L0OWVWI  roi’f’t(p)  Al.lt  lu‘t’1  (  J)  10  VAIIAKS  v  *ijm  IHE  L»SEM  LUCAI10M, 

C  |  A  l'*t«0V  ,  (I ,  ti  I  10  I  v  1  S  COI  Mil  If.A  It  bLO'Mt  I«1S«VM 

C  •  •  * 

U'lvPM'i  =  S'JMTI  (Ci!*'VV(n-AlAM.t)«*<’  ♦  CUVpE(P)A*2  ♦  COMPt  l  A)*a2  ) 
ClHPt(rf)  *  A  t  AN#  (L0V-PV  I  4  )  ,  I  AlM-l.V.UlM’m  n  ) 

CljMPL  (31  a  ATAN<(COV»*Elil ,  (  A  |  v-w  (»t  *C  Uv’Pfc  (  1 ) )  ) 

C  #*♦ 

t  COMPUTE  jMCUHAT  li'N  LlMlit  L.v  Vr()A.;0lt  ABOUND  CUVPtlcf)  AUD 

C  *  a  A 

totLI  a  ATAN^(  (a  IOt  If  ,tt  J  ,  UlWC.  > 

/OtLI  «  ATASrf(  (  h  a  y  t  a  /  1 1? .  it  *  1 0 1  )  )  ,  CU*P*r.  ) 

C  A  A  A 

C  COMMUtt  Pklt  USING  HASHnOS  All'*  o  X  I V  A  1  10  V; 

C  *  •  * 

pout  a  nfN<  ICOMPU?)  vtoVLtl/bli.t  |  . 

*  nrw(  (COMPk  UI-toeli  l/J»lot  I 

POIW  a  11FNI  (LLIVPL(  A)  v/litLl  l/MW  )  « 

A  PFN  (  (COVVV  (  4)  ./t'VL  I  )/SJI./  ) 

HHH  a  ONjlt  A  PHl  I  < 

OtTllVN 

Hll 


A- 51 


u  u 


J  TCG/ AS-8 1  -S-004 


C*M 


»U’ir.t|On  vf.C"****) 

U ! ME nS  1  *’N  VO* 

COMPUTE  *m£  »»WUII"k  *»P 


sum  «  o.r 
in)  t «  1  a  t  •  S 
SUM  S  SUM  A  ¥(£>••* 
|0  COKTINUt 

VtCMAtt  *  $<|M(5I»M) 

Mfc  t  »I»N 

t»-0 


VEC?<«  V 


A- 5  2 


JTCG/AS-81  -S-004 


'  7‘ f '  "/ ■  ■  ■  Wl 1  ^ ‘ HVv-y ? ^ 


DISTRIBUTION  LIST 


Aeronautical  Systems  Division  (AFSC) 

Wright-Patterson  AFB,  OH  45433 

Attn:  ASD/XRM  (F.  Campanile) 

Attn:  ASD/ENFTV 

Attn:  ASD/XRS  (L.  R.  Roesner) 

Attn:  ASD/ENFTV (D. J.  Wallick)(2  copies) 

Air  Force  Wright  Aeronautical  Laboratories 
Wright-Patterson  AFB,  OH  45433 
Attn:  AFWAL/FIESD 
Attn:  AFWAL/FIESD  (CD1C)  (2  copies) 

Attn.  AFWAL/FIBEB  (D.  B.  Paul) 

Attn:  AFWAL/FIER  (R.  H.  Walker) 

Attn:  AFWAL/POSH  (T.  A.  Hogan) 

Attn:  AFWAL/XRXI  (J.  T.  Van  Kurcn) 

Applied  Technology  Laboratory 

Army  Research  &  Technology  Laboratories  (AVRADCOM) 

Fort  Eustis,  VA  23604 

Attn:  DAVDL-ATL-ASW  (A.  Royal) 

Attn:  DAVDL-ATL-ASV  (E.  V.  Merritt) 

Attn:  DAVDL-ATL-ASV  (C,  M.  Pedriani) 

Armament  Division 
Eglin  AFB,  FL  32542 

Attn:  AD/XRSP  (Dr.  S.  W.  Turner) 

Attn:  AD/ENS  (C.  Varnauo) 

Army  Aviation  Research  &,  Development  Command 
4300  Goodfellow  Blvd. 

St.  Louis,  MO  63 1 20 

Attn:  DRDA V-fcGL (H.  Lee) 

Attn:  DRCPM-ASE-TM  (COL  E.  Robiivson) 

Army  Electronics  Research  &  Development  Command  (ERADCOM) 
Electronic  Warfare  Laboratory 
Fort  Monmouth,  RJ  07703 

Attn:  DELEW-P  (J.  Schwartz,  EW  Protection  Division) 


A-S3 


J  TCG/ AS-8 1  -S-004 


Army  Foreign  Science  and  Technology  Center 
220  Seventh  St.,  NE 
Charlottesville,  VA  22901 

Attn:  DRXST-CA2  (Crosby) 

Army  Materials  and  Me  hanics  Research  Center 
Watertown,  M  A  02172 

Attn:  DRXMR  SE  (J.  Adaehi) 

Army  Materiel  Systems  Analysis  Activity 
Aberdeen  Proving  Ground,  MD  21005 
Attn:  DRXSY-AAS  (W.  B.  Paris) 

Ballistic  Research  Laboratory 
Aberdeen  Proving  Ground,  MD  21005 
Attn:  DRDAR-BLV  (R.  Millet) 

David  W.  Taylor  Naval  Ship  R&D  Center 
Carderock  Laboratory 
Bethesda,  MD  2C084 

Attn:  Code  522. 1 ,  Library 

Defense  Technical  Information  Center 
Cameron  Station.  Bldg.  5 
Alexandria,  VA  22314 

Attn:  DT1C-TCA  (2  copies) 

Federal  Aviation  Administration  Technical  Center 
Atlantic  City,  NJ  08405 

Attn:  ACT  330  (L  J.  Garodz) 

Foreign  Technology  Division  (AFSC) 
Wright-Patterson  AFB,  OH  45433 
Attn:  FTD/NIIS  (5  copies) 

Joint  Cruise  Missiles  Project  Office 
Washington,  DC  20360 

Attn:  JCM-OOY  (V.  Roske) 

Joint  Strategic  Target  Planning  Staff 
Offutt  AFB,  NB  68113 

Attn:  SAC/NR1  (STINFO  Library) 

Naval  Air  Development  Center 
Warminster,  PA  18974 

Attn:  Code  60B  (E.  J.  Boscola) 

Attn:  Code  60B1  (Dr.  G.  T.  Chisum) 

Attn :  Code  20 1 2  (M.  C.  Mitchell) 


A-54 


JTCG/AS-81-S-004 


Naval  Air  Systems  Command 
Washington,  DC  20361 

Attn :  AIR-5 1 64 J  (  2  copies) 

Attn:  AIR-3 12B  (E.  A.  Lichtman) 

Attn:  AIR-3 1 A  (R.  Schmidt) 

Naval  Sea  Systems  Command 
Washington,  DC  20362 

Attn:  SEA  05R23  (T.  Johnson) 

Naval  Weapons  Center 
China  Lake,  CA  93555 

Attn:  Code  3383  (C.  Driussi) 

Attn:  Code  3381  (C.  Padgett)  (2  copies) 

Naval  Weapons  Evaluation  Facility 
Kirtland  AFB,  NM  87117 

Attn:  Code  70,  Nuclear  Survivability 

Pacific  Missile  Test  Center 
Point  Mugu,  CA  93042 

Attn:  Code  6862  (Naval  Air  Station,  Technical  Library)  (6  copies) 

Acurex  Aerotherm 
Aerospace  Systems  Division 
485  Clyde  Ave. 

Mountain  View,  CA  94042 

Attn:  J.  Dodson,  M/S  8-8800 

Armament  Systems,  Inc. 

838  N.  Eglin  Parkway,  Suite  421 
Ft.  Walton  Beach,  FL  32549 
Attn:  G.  A.  Brown 

Battelle  Columbus  Laboratories 
505  King  Ave. 

Columbus,  OH  43201 

Attn:  Robert  Broderson 

The  BDM  Corp. 

1 801  Randolph  Rd,  SE. 

Albuquerque  Internationa) 

Albuquerque,  NM  87106 
Attn:  A.  J.Holten 
Attn:  Tech.  Resourse  Center 


A-55 


JTCG/AS-8 1  -S-004 


The  BDM  Corp. 

2650  Yale  S.  E. 

Albuquerque,  NM  87106 

Attn:  R.  Mollo,  M/S  2A2,  Bldg  2 

The  BDM  Corp. 

First  National  Plaza 
Suite  1820 
Dayton,  OH  45402 

Attn:  G.  J.  Valentino 

Bell  Helicopter  •  Textron 

P.  O.  Box  482 

Fort  Worth,  TX  76101 

Attn:  D.  Lairdon  MD  1 1 

Boeing  VertorCompany 
A  Division  of  the  Boeing  Company 
Boeing  Center 
P.  O.  Box  16858 
Philadelphia,  PA  19142 

Attn:  N.  Caravasos,  M/S  P32-18 

The  Boeing  Company 
P.  O.  Box  3707 
Seattle,  WA  98124 

Attn:  K.  F.  Brettmann,  M/S  4E-64  (2  copies) 

Attn:  J.  H.  Howard,  M/S  4E-64 

Boeing  Military  Airplane  Company 
A  Division  of  the  Boeing  Company 
3801  S.  Oliver 
Wichita,  KS  67210 

Attn:  G.  Heinrich,  M/S  K16-14 

Attn:  Classified  Control  Station  47  for  A.  L.  Weller,  M/S  K62-55 
Attn:  R.  Gerhardt,  K75-25 
Attn:  J.  Wolf,  M/S  K75-25 

Booz,  Allen  Sl  Hamilton,  Inc. 

4330  East-West  Highway 
Bethesda,  MD  20814 
Attn:  W.  Herman 


JTCG/AS-81-S-004 


Calspan  Corp. 

P.  O.  Box  400 
Buffalo,  NY  14221 

Attn:  Library  (V.  M.  Young) 

COMARCO,  inc. 

1417  No.  Norma  St. 

Ridgecrest,  C A  93555 
Attn:  G.  Russell 

Denver  Research  Institute 
University  of  Denver,  University  Park 
Denver,  CO  80208 

Attn:  J.  Thompson 

Douglas  A/C  Co. 

Lakewood  Blvd. 

Long  Beach,  CA  90846 

Attn:  Myron  Potter  (Cl-EOO-595) 

Emerson  Electric  Co. 

8100  Florissant 
St.  Louis,  MO  63136 

Attn:  Library,  M/S  4372 

E-Systems  Inc. 

P.  O.  Box  1056 
Greenville,  TX  75401 

Attn.  L.  Phelps,  CBN  38 

Fairchild  Republic  Company 
Conklin  Street 
Farmingdale.  NY  11735 

Attn:  Tech.  Info.  Center  (G.  A.  Mauter) 

Falcon  Research  and  Development  Co. 

One  American  Drive 
Buffalo.  NY  14225 

Attn:  Secruity  Officer 

Ford  Aerospace  and  Communications  Corp. 
Ford  Road,  P.  O.  Box  A 
Newport  Beach,  CA  92663 
Attn:  Tech.  Info.  Center 

General  Electric  Co. 

Aricraft  Engine  Group 
Mail  Drop  H-6 
Cincinnati,  OH  45215 
Attn:  G.  E.  Varney 


A-57 


JTCG/AS-81-S004 


Goodyear  Aerospace  Corp. 

Arizona  Division  -  Library  D/I 54 
P.  O.  Box  85 

Litchfield  Park,  AZ  85340 
Attn:  G.  Potter,  D/948 

Grumman  Aerospace  Corp. 

South  Oyster  Bay  Rd. 

Bethpage,  NY  11714 

Attn:  J.  P.  Archey,  Jr.,  Dept.  662,  M/S  C42-05 

Attn:  J.  Hartung,  Dept.  661 ,  M/S  C27-05 

Attn:  Technical  Information  Center,  Plant  35  LOl-35  (T.  Wilkins) 

Hughes  Helicopters,  Inc. 

Division  of  Summa  Corp. 

Centinela  A  Teal  Sts. 

Culver  City,  CA  90230 

Attn:  Library,  6/A69  (D.  K.  Goss) 

Kentron,  Inc. 

696  Fairmount  Ave. 

Towson,  MD  21204 

Attn:  G.  J.  Mitchell 

Lockheed-Califomia  Co. 

A  Division  of  Lockheed  Aircraft  Corp. 

2555  Hollywood  Way 
P.  O.  Box  551 
Burbank,  CA  91520 

Attn:  D.  Tuttle.  D/77-76,  Bldg.  90-1 ,  Plant  B-l 

Los  Alamos  Technical  Associates,  Inc. 

P.O.  Box  410 
Los  Alamos,  NM  87544 
Attn:  Library 

McDonnell  Douglas  Astronautics  Co. 

5301  Botsa  Ave. 

Huntington  Beach,  CA  92647 

Attn:  B.  L.  Cooper,  A3-2 18,  M/S  13-3 

McDonnell  Douglas  Corp, 

Douglas  Aircraft  Company 
3855  Lakewood  Bfvd. 

Long  Beach,  CA  90846 

Attn:  M.  Potter,  Cl-EOO-595 


A-58 


JTCG/AS-8I-S-004 


McDonnell  Dougin*  Corp. 
McDonnell  Aircraft  Company 
P.  O.  Box  516 


St.  Louis,  Mo  63166 

Attn:  R.  D.  Detrich,  Dept.  022 

r„:  TESZSSffStt*  >oi  /mez/posi 


S  53 


D,  W.  Mowter 

221  W.  Sunton  Road 

Quanyville  PA  17566 


Northrop  Corp 
Airrraft  Division 


One  Northrop  Avenue 
Hawthorne,  CA  90250 

Attn:  K.  Christensen,  N3895/94 
R^vnnlds.  3360/82 


Northrop  Corp. 

Ventura  Division 

1515  Rancho  Conejo  Blvd. 


P.  O.  Box  2500 
Newbury  Park.  CA  91320 

Attn.  Tech.  Info.  Center  (M.  Rame) 


The  Perkin-Elmer  Corporation 
100  Wooster  Hts.  Rd. 


Danbury  CT  068 1 0 

Attn:  J.  H.  Beardsley,  M/S  967 


Rockwell  International  Corporation 
6633  Canoga  Avenue 
Canoga  Park,  CA  91304 
Attn.  M.  D.  Black.  Jr. 


Rockwell  International 

itorth  American  Aircraft  Operations 

4300  E.  Fifth  Avenue 


P.  O.  Box  1259 

Columbus,  OH  43216  R 

Attn:  Technical  Information  Center  (N.  Brake) 

Attn.  R.  H.  Marshall,  871  021  B/6 


JTCO/AMI-WO* 


Rockwell  International  Corporation 
Missile  Systems  Division 
1 800  Satellite 
Duluth.  GA  30136 

Attn:  R.  A.  Jones  (D362/628  NC-2 1  > 

Rockwell  International  Corporation 

P.  O.  Box  92096 

Los  Angeles,  CA  90009 

Attn:  W.  I.  DurHng,  Dl  16, 01 1-GB02 
Attn:  S»  C.  Mettht,  Dept.  1 1 S,  GD*1  2 
Attn:  R,  L  Mbonan,  GC-Q? 

Attn:  Tech.  1Mb.  Center,  GA-06 
Attn:  A.  S.  Musicman,  GD10 

Science  Applications,  Inc. 

SOS  Marquette  NW 
Albuquerque,  NM  87102 

Attn:  Library  (ALL:  01-18) 

Survice  Engineering  Co. 

P.  O.  Box  693 
Bel  Air,  MD  21014 

Attn:  Security  Officer 

Sikorsky  Aircraft  Division 
United  Technologies  Corporation 
North  Main  Street 
Stratford.  CT  06002 

Attn:  D.  P.  Bartz,  Chief  Survivability 

Southwest  Research  Institute 
6220  Culebra  Road 
P.  O.  Drawer  28510 
San  Antonio,  TX  78284 

Attn:  P.  H.  Zabel,  Div.  02 

Sverdrup  Technology,  Inc. 

AEDC  Group 
Arnold  AFS,  TN  37389 

Attn:  Library,  M/S  100 

Attn:  J.  A.  Reed.  M/S  900  (ETF-ED2) 

Teledyne  Ryan  Aeronautical 
P.O.Box  803 11 
San  Diego,  CA  921 38 

Attn:  Technical  Information  Services  (W.  E.  F.bner) 


A-60 


JTCG/AS-81-S-004 


Texas  Instruments,  Inc. 

P.  O.  Box  22601 5,  M/S  3 1 77 


Dallas,  TX 
Attn: 


75266 

Dr.  G.  L.  Smith  M/S  3177 


Uniroyal.  Inc. 

312  N.  Hill  Street 
Mishawaka,  IN  46544 

Attn:  R.  L.  Anderson 
Attn:  J.SCulesia 


United  Technologies  Corporation 
United  Technologies  Research  Center 


Silver  Lane,  Post  10 
East  Hartford,  CT  06108 
Attn:  UTC  Lihrary  <M. 


F..  Donnelly) 


Vought  Corporation 
P.  O.  Box  225907 


Dallas,  TX 
Attn: 


75265 

H.  C.  Wispell  M/S  220-48 


